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This summary is meant to provide a clear understanding of
MDMSC's analysis of the GTE repair process. Please note that the old
departmental designators and skill classifications in place before
the reorganization are used in discussing specific issues in this
summary. MDMSC was required to study only the -180 and -397
engines in detail, and although these represent approximately 50% of
the GTE workload, they do not comprise the total workload in any
RCC. Where appropriate, we have included the remaining workload in
our analysis and suggestions.

1.0 GENERAL OBSERVATIONS

The flowtimes for the various components parts (and therefor
the end items) appear excessive, and the reject rates at both Final
Assembly and Final Test are high. There is some indication that a
lack of structured Quality Control measures is being reflected as

early failures in the field. Although SA-ALC engineers have
attempted to solve these problems, there is an almost complete
absence of documentation of these efforts, or, where such
documentation does exist, failure to correct the failing in a
sytU.ematic manner.

The GTE repair function gives every appearance of being a
production process out of control, although there are several

positive influences at work in the system. GTE management
maintains a visible presence on the production floor. This is a well
P-tablished workload, and there is a great deal of knowledge present
throughout the workforce. Many of the management personnel
involved in backshop support operations claim to have been assigned
directly to the GTE production task at one point or another in their
career. At no point did MDMSC observe a case where process
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problems could be directly linked to lack of training, or to a failure
to follow existing technical directives. Unfortunately, personnel
tend to adhere to established ways of "doing business" without
regard for the effectiveness of their actions. Any item which
requires repair ages, and the nature of the repairs needed change, as
well as their frequency. This demands change workforce practices.

One aralogy, provided by the MAT division chief, sums up the
GTE process quite well: A sausage grinder. If you push enough meat
into one end of the grinder and turn the crank, you are sure to get
something out the other end eventually. In this case, however, the
output cannot keep up with the input, and a serious imbalance, in the
form of high WIP, results. The analogy can be taken one step further.
As with the jrinder, if you want to increase output, you have to turn
the crank faster. In the GTE repair process, when there is a shortage
of a particular component, there is a tendency to hand carry or
otherwise expedite the item through the system. This is disruptive
of normal production, and obviously a labor intensive solution.
Worse, it does not appear to be particularly effective. The various
RCCs, especially backshops, appear to be fairly robust to pressure
such as this. "Turning the crank faster" does not seem to work.

The following paragraphs will provide a more detailed
discussion of the above points, along with MDMSC's recommendations
and observations on the subject.

2.0 FACILITIES, PERSONNEL, AND EQUIPMENT

The GTE repair process is spread throughout several buildings.
It also crosses division lines (or company lines in the reorganized
system). The operations directly under the GTE managements
control are mainly located in buildings 329 and 340, and involve
disassembly, cleaning, inspection, assembly, and testing functions.
The existing facilities appear to be adequate to support these
requirements, at the present workload. One exception would have
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been the cleaning line present in building 329. This line was in an
obvious state of aisarray, and was considered a process bottleneck
in Task Order One. However, the new cleaning line, located in the
same building, is currently being brought up to operational levels.
Based on information we were given, this should provide greater
production capacity, as well as provide better quality at this stage

of the process.

We have also been requested to examine the existing FPI line
for possible improvement suggestions. It appears that this line is
providing production capacity sufficient to maintain present

requirements, but automation of the system might enhance its
operational efficiency. The degree of automation required would
depend on future workload requirements, which may include items

other than GTE components. MDMSC was provided a copy of a
REPTECH proposal which requests funding for a rather elaborate
automatic inspection system. This proposal, as well as supporting
data collected by MDMSC site personnel, was sent to Si. Louis for
examination by a MDMSC in-house specialist. The results of this
individuals' recommendations will appear in the CSR.

Most other equipment present in th., two primary production

facilities appears adequate. The automated test equipment found at
Final Test, on the other hand, is worthy of special praise. This

equipment provides a very thorough diagnostic check of an
assembled GTE. This is an automated system which, although it does
require operator input and observation, increases both the quality of

the end item and reduces the amount of direct lbor needed to
achieve this quality. Conversely, the equipment used in assessing

the balance of rotating components appears inadequate to the task.
This subject will be addressed in more detail in the section

covering rejections.

Personnel requirements necessary to the present production

process appear adequate, both in number and in required skills. The

*model indicates that personnel in all areas are adequate (when the
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remaining 50% of GTE workloads are calculated into the results).
The personnel assigned to MATPSI inspection appear to be highly
utilized, and considering the entire GTE workload this area could
represent a process bottleneck. At present I would not consider this
a problem, however, as the system contains a great deal of work in
process, and production does not appear stressed at this level.

Again, our judgement of the adequacy of the facilities,
personnel, and equipment are relevant only to the existing process
parameters. In order to obtain a more efficient production process,
several changes in these areas will be necessary. I will discuss
various MDMSC's observations and recommendations regarding these
changes in Section 4.0 of this summary.

3.0 SUPPORT FUNCTIONS

There are various support functions associated with the GTE
repair process. We concentrated our attention on engineering,
planning, and scheduling functions, as these have some
responsibility, along with production management, for meeting
production goals.

The GTE repair process suffers from a deficiency common to
most other AFLC processes: Not enough trained engineers for the
production workload. The engineers that are presently in the system
are usually given so many tasks that they can not concentrate fully
on any one project. The results are as expected; most of them spend
the majority of their time "putting out fires", that is, expend the
amount of effort necessary to just keep things running while trying
to juggle all the other demands on their time. Worse, since there is
a shortage, many of the engineering personnel end up performing a
multitude of paperwork tasks, such as developing new proposals or
Statement Of Work (SOW). These duties keep the engineers away
from what should be their primary focus.

0';
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There appears to be a serious lack of documentation of tasks
performed by engineers regarding their analysis and
recommendations on process problems. We have encountered this
several times, and most noticeably in relation to the GTE vibration
problems, which appears to have some historic significance in this
process. Management should insist on a thorough documentation of
the analysis and recommendations relevant to process problems
under study. Management should also insist on a complete cause-
and-effect analysis of any proposed solutions to a specific problem.

Planning functions were examined in some detail, as we made
much use of the ALC labor standards in both the model construction
and process analysis. The main points of contact in planning for this
Task Order appeared extremely knowledgeable, and were involved in
the daily floor operations of their respective areas of responsiblity.
Other personnel encountered in this support function displayed
similar competence.

While I would rate the planning functions of these areas as
quite high, I would mention two potential problems that we
identified. The ALC labor standards, which reflect the amount of
labor hours paid for processing various parts, do not well agree with

shop interview times. In almost every case the interview times
were higher. Our Task Order contact in engineering was extremely
uncomfortable with interview data, which is why documented
historic data and ALC labor standards appear throughout the model
files. Still, only 20% of the labor standards represent "engineered"

standards, which MDMSC considers too low for a process such as
this. The remaining "non-engineered" standards, although they may
be close, undoubtedly contain inherent inaccuracies. I am not
suggesting that every .abor standard be produced by "time study" (in
fact, I would advice against the use of the time study procedures I
have seen used in ALC planning procedures), but some form of easily
reproducible methodology should be applied to labor standard

creaticn. It is advisable to perform work sampling on various items
throughout the year in order to establish standards. This has the
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additional benefit of providing insight i ito process problems in the
area of quality, both integral to the process as well as due to vendor
supplied items.

The other area of concern lies in the structuring of the WCD
operational format. Both of the GTEs we analyzed had detailed WCDs
for most parts, and the quality of these WCDS was superior to any I
have personally seen before. There is a great deal of variability
between WCD format, however, which appears to be based mostly on
the individual planners' ability to produce these documents. This has
been true of the other ALCs that have been examined. Standardized
formats should be developed which provide the correct sequencing
and level of details.

The scheduling functions which we examined have much room
for improvement. Items do not flow smoothly through the system,
and there are frequent shortages. The relatively high reject rate at
final assembly and final test contribute to the problem, but the

backshops are the primary problem. The backshops appear fairly
unresponsive to the needs of GTE production management, especially
when crossing divisional lines.

The scheduling functions at the floor level appear to be

undermanned. Scheduling does not have ready access to information
regarding how many parts are actually in process, or where these

parts are located. A rigorous audit of GTE comporents should be
performed, involving all areas of the repair process. This would
provide P count of how many items are presently in the system, and
what stage of production they are in.

Finished parts are currently loaded into oaskets for transport
to parts pool without first applying protective wrapping. This is
especially important given the criticai surface characteristics of

some of these parts.

08



* The basis of a good scheduling system is a disciplined work
force, which does not appear to be found in the GTE repair shops. The
actual culprit in this is the multitude of backshop operat"ons not
directly under GTE managements control.

4.0 PROCESS FLOW: PRIMARY, BACKSHOPS, AND CRITICAL
PATH

The bulk of the flowtime for GTE components reside in the
backshop operations. Of the backshops examined, the Machine Shop
(MATPNC) appears to contribute the most significant delay times to
the overall repair process. On the other hand, the FPI inspection
area associated with this machine shop (MATPNB) shows the lowest
delay times of any RCC analyzed. The other RCCs examined lie
between these two extremes.

The process flow diagram produced during last year's
completion of Task Order One is still current. An abbreviated
version of this flow diagram is shown in Chart 4.0.1. This chart
shows the basic flow of items through the GTE repair process.
Charts 4.0.2 and 4.0.3 provide a graphical depiction of the critical
paths for both engines as well as the associated flowtimes. A more
detailed comparison of the model results, historical documentation,
and parts tracking data is shown in Table 4.0.4 (The spreadsheet
format and analysis data for the parts tracking effort are shown in
Appendix A of this summary). The following is a brief discussion of
the various main process areas for GTE items. In the case of
backshop functions, I have attempted to identify those processes
which would be prime candidates for moving in-house. This is a
practice which I would strongly suggest, given our percepton of
problems relating to excessive flowtimes and quality deficiencies.

0
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4.0.1 MATPGB - DISASSEMBLY

The GTEs are uncrated, logged in, and then brought into the bid.
329 disassembly area. There are a total of nine personnel assigned
to this task, and these are assigned to one shift. Two of these
personnel are grade WG05, and primarily used in the uncrating and
logging of items. Facilities for disassembly appear somewhat
cramped. There appears to be no shortage of disassembly fixtures.

Disassembled components are loaded into modules and routed
to building 360 for the initial cleaning process. Parts sent to bid.
360 tend to take approximately seven days (this includes weekends)
to process, although the actual cleaning of a module is a matter of a
few hours. I strongly suggest that measures be taken to perform all
cleaning in-house. This will be discussed in more detail below.

It is interesting to note that six of the nine personnel assigned
to this area are grade WG10s. Conversely, of the six individuals
assigned to the assembly of GTEs (and having the same job
classification), four are WG09. This seems surprising, as it would
appear that the higher skilled personnel should be assigned to final
assembly, where there is less room for error in the repair process.

4.0.2 ACCESSORY ITEMS

There are various accessory items associated with both the
-180 and -397 engines. These items include tach generators, air
pressure regulators, load valves, oil pumps, fuel controls, and
various other components. These components range in processing
times from one to 8.5 hours, with the average component part
requiring approximately 5.0 labor hours to repair. The actual dwell
time in the repair areas car, vary greatly from this, however. In our
analysis of the accessory repair RCCs we did not see any indications
that GTE final assembly would be delayed awaiting these
components. Still, GTE production management should maintain a

0 close watch on the production of these items.
0 0q



5-57

These RCCs suffer from a common failing found throughout the
GTE repair process: Unrealistic scheduling practices. These RCCs,
like many others we examined, are provided with a schedule of their
required production for a given period. They also have access to the
schedule for end item production for that period. The number of end
items to be produced is often significantly less than the number of
individual components which were requested by sched,ling. It is not
surprising that parts pool often receives only enough components to
support production of the scheduled end items. Unfortunately,
decisions such as these, made at the production flo3, level, do not
take into account management's production goals or the high
rejection rates of both component items and the end items. The end
result is that end item production quotas are not met.

There is a negative feedback involved in this practice. As only
the minimum number of parts are provided to parts pool, more end
items (which serve as a source of spares) must be inducted into the
system to maintain the GTE production schedule increase. This, in
turn, prompts Scheduling of the high individual component quotas,
making the production areas even more insensitive to what they
regard as "false" scheduling. This is a practice seen in many of the
RCCs examined, and is not restricted to the accessory repair areas.

One other problem observed in the accessory repair RCCs is an
historical lack of spares. There was also a tendency to process GTE
accessory components in rather large batches, with the associated
delays in acquiring these batch sizes. While this does not appear to
be a problem at this time, GTE management would be wise to
monitor the situation should other areas of their process be made
more efficient.

4.0.3 MATPSI - CLEANING

This area of the GTE repair process has been greatly improved.
The new line will offer significant improvements in the cleaning

//



processes performed in-house (based on information recently
provided to us.) There are some signs that contractual
specifications for this line have not been met, which could affect
its performance. It does not appear that the line will remove the
need to send parts to bid. 360 for initial cleaning. This seems
inefficient, and we recommend an alternate strategy.

MDMSC has examined two manufacturers of cryogenic blasting
equipment; the Alpheus and Cold Jet companies respectively. There
is a potential for use of this technology in the cleaning functions
found in MATPSI. Although it would require a detailed study to be
certain it seems likely that components could be cleaned in-house
without the need of routing to bid. 360. This assumption is based on
the results of MDMSC's direct observation of GTE components
cleaned at the Cold Jet facility in Ohio. Our suggestion is somewhat
tempered by the cool response it received by Roger Kiker, who is one
of the MATES engineers charged with setting up the new cleaning
line. His objections centered on the fact that they have spent five
years in getting to this point on the new system (due to funding
issues), and he feels that it is more important that shop personnel
"learn to use what they have now". If the cryogenic blasting
technology has something to offer in this regard, it should not be
dismissed due to frustration over funding cuts or deficiencies in
shop practices.

4.0.4 MATPSI - INSPECTION

This area has the potential to be a bottleneck should
production quotas rise much beyond present levels. This observation
is based on the results of the simulation model runs we have
performed, and extrapolating these results to include the rest of the
GTE workload. At this time, inspection appears to meet present
production demands.

Many of the inspection tasks in this area are performed on
automated dimensional inspection equipment, which increases both



the accuracy and ease of the operation. Personnel seem
knowledgeable as to their appointed tasks.

Some parts, which are inspected and found to be within
tolerance, are still routed to backshops, especially the machine
shop. This represents a significant inefficiency, since the
machinists must then repeat the inspection using hand equipment. It
appears, in at least a few cases, that the tolerances and
specifications given in the machinist's technical directives are
tighter than those of the inspector's criteria. This means that
certain serviceable parts are being reworked without cause. The
increase in flow time of the affected part is unacceptable, but
worse, the wear on the part from subsequent machining, plating,
welding, etc. significantly lowers the life cycle of the component.
If this practice of routing parts is the result of adherence to WCD
operation sequencing, inspection personnel should be trained in the
correct procedures for sending parts directly to parts pool. If it is
the result of personnel passing off certification of acceptability to

another shop, then the situation should be stopped immediately. In
any case, the degree of serviceability of specific parts returning
from the field is very valuable information, and should be closely
monitored. It is poor production practice to have looser standards in

an initial inspection operation if it is to be automatically followed

by a repair operation having tighter tolerances. This removes the
value of the inspection operation in the first place.

Personnel knowledgeable with machining practices could be
the best source of inspection personnel, as these individuals often
understand the concepts of overall tolerance build-up and
specifications better than many others. Experienced machinists

should therefor be considered as a good source of future i.,spection

personnel.
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4.0.5 MATPNC - MACHINE SHOP

The machine shop located in bId. 303 is responsible for
machining process related to aircraft, aircraft engines, and GTE
component repair. The GTE workload in this area has its own
dedicated equipment and personnei.

This area has an efficient layout. It is well lit and clean, and
items are neatly organized on stainless steel racks located
throughout the shop. These racks are an excellent addition to the
area, and make it very easy to tell how much work in process (WIP)
is present. The fact that certain rack." are dedicated specifically to
in-coming and out-going parts makes material handling nuch easier,
and contributes to the fact that material transport a'i-d handling
practices in this area were relatively efficient.

The fact that it is easy to determine a rough count of WIP by
looking in the raci-.s is important, as the amount of WIP present is
substantial. This helps account for the lengthy, historically
documented flow times in this area. This flow time does not have
much to do with the actual processing of items in this area, but
more with a lack of s.ructured production goals 4;r this area. The
individual machinists produce only the number of items ne-,-s', "o

meet the minimal production quotas for GTE end items ur each
month. On the other hand, they receive a significantly lagqer number
cf individual components (due to over-inductions) th&n they produce
in a given month. This allowE them to choose which components they
process. Since they do not have a first-in, first out system, items
become buried under ever increasing WIP, which conttibutes to the
quality problems in the GTE process. Items which are rejected at
final assembly may circulate through the system, continually, as no
records are kept.

In many cases, both personnel and machines are dedicated to a
particular component. There are some advantages to this, as it is
unnecessary to set up and tear down equipment in this system, and
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personnel become very knowledgeable as to the-V" " -'-ic function.
It is unusual that such an abundance of eqi,,.:. , -ersonnel

exists in a shop of this type. At the least, there .. ,one Icss of
flexibility, both in personnel and production capab ,ty, under this
system. They have created a virtual GTE machining r. "

Given the historically long flowtimes associated with this
area, I would recommend that as many items as oossible be moved to
an in-house machining area, directly under GTE management's
control.

4.0.6 MATPNB - FPI

This area is located in building 303, and performs non-
destructive inspection of a variety of items, including GTE
components. This backshop function prr)ved to be one of the most
efficient at processing items in a timely manner.

The same inspection capability presently exists in-house for
the GTE repair process. If machining an/or other repair processes
were moved in-house to bid. 329, the existing facility could be used
to process the workload now performed in bid. 303. This would
result in lower flowtimes, and would provide more control of the
process to GTE management.

4.0.7 MATPNN - WELDING

The GTE components repaired in the welding shop also
exhibited long flowtimes. Many of the same problems dealing with
lack of structured production goals and over-induction also apply to
this area. There appears to be a large amount of WIP, most visibly
involving various GTE Turbine Torus.. (It is interesting to note that
the various turbine torus show a low condemnation rate; I wonder if
this has more to do with the fac. that these items are setting on
racks in MATPNN as "difficult-to-repair items" than the actual
condemnation rate of these items?)



Welding tasks divide into two major categories: Build-up
processes, including plasma spray, and general sheetmetal repair.
The build-up proces,.es are usually closely associated with
machining practices, ,and any movement of parts to an in-house
machin;-ig process would require associated welding support. I
recommend that welders having plasma spray and other build-up
capability be located in close physical proximity to the in-house
machining area. This would provide a much quicker turnaround of
components requiring rework.

4.0.8 MAEPDB - HEAT TREAT

For the most part, items sent to heat treat did not exhibit

excessively long flowtimes, as this area maintains two shifts.
Given the nature of the equipment found in .lis area, it would not be
practical to bring this capability in-house to the GTE repair
processes found in bid. 329.

4.0.9 MAEIAA - PLATING

The greatest tercentago of plating operations performed on

GTE components in this RCC involve anodizing processes. These
require pre-cleaning, masking, and a relati,'eiy simple tank process,
all batch operations which do not require the same items be
processed simultaneously. Since this area does show long

flowtimes, the possibility of moving a simple anodizing process in-
house is recommended. The process currently used, is a "barrel"
plating operation, and would lend itself to in-house placement with
mini,,.,, facz'ities and equipment requirements. The other plating
proress examined, including chrome plating and hard coat anodizing,
should remain in the MAEIAA.



4.1.0 PARTS POOL

1 suggest that the kitting operations currently performed by
parts pool be abolished. To replace this operation, I would suggest
that silhouette boards, such as those suggested at recent meetings
with Mr. Gonzales, be implemented. These boards would have the
required components' silhouette and/or name placed on them, with
some color coded scheduling status displayed for each part. The
boards could be placed in assembly areas, and the result would be a
graphical depiction of the status of each pao. required for a
particular assembly. This would be an excellent management tool,
as it would indicate at a glance the status of items required for
production. The response to delayed items would be quicker given

this visibility.

4.1.1 MATPGB - FINAL ASSEMBLY

Many of the suggestions made above have been designed to

provide -TE components to final assembly in a more expedient
manner. ": e use of lower skilled assembly personnel in this area
seems a bad practice. The end item is assigned a serial number only
at this stage of the production process. It therefor seems confusing
that data such as that found in the GO19C (repair time, repair cost,
etc.) could even be collected, much less tracked or used. This is only
one of the reasons that MDMSC has recommended in the past that GTE
components he serialized, processed, and assembled as a unit.

4.1.2 MATPGB - FINAL TEST

Final test of the GTEs utilizes a very impressive automated
system. Most of the problems heve are caused by the unbalanced
production schedule (which causes queuing for resources at certain
times of the month followed by relatively slack periods at other
times), and the high amount of rejeots which occur at this stage.
The following histograms, Charts 4.0.5 and 4.0.6, give an idea of the
time required to process items from the date they are serialized

~/7?



(upon delivery of kit to final assembly) until they are delivered to
R
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5.0 REJECTIONIREWORK ANALYSIS

This Task Order has been somewhat unusual given the
relatively large amount of data which e istF in various databases

and log books found throughout the process. These have been
invaluable in our efforts, and we recommend that a concerted effort
be made to draw all of these disjointed records into a
comprehensive whole. These sources of information have been
especially valuable in our analysis of quality rework and rejection
rates. Most Gf the sources for the data we will discuss below have
been mentioned in our engineering notes at one point or another. The
data was mainly drawn from the automatically collected test
statistics of the test cell, the rejection logs maintained by final
assembly, the induction log maintained by the receiving personnel,
and various databases provided to us by the planners.

Rejections at final test have a variety of causes. These are
broadly defined under the categories of Removals, Internal Failures,
Improper Cavity Pressure, and Vibration. Vibration problems are

usually caused by imbalance in the compressor sections of the
engine, but can also be caused by imbalance in the turbine or
accessory case, bad bearings, and misalignment. Cavity pressure
problems are usually due to to bad seals or clogged return lines in

the oil sump systems. Removals are related to performance
problems of the engine during testing. Charts 5.0.7 and 5.0.8 show

the historic occurrence of each of these categories of failure siqce
1987. For 1990, we have determined that the overall reject rate at
the date of our analysis (9130190) to be 24% for both the -180 and -
391 engines. In both cases vibration accounts for approximately
50% of the observed rejections. The increase in rejections of the -
180 engines is especially alarming, as it appears that the percent of
rejections due to vibrations has shown a steadily increasing trend.
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* These rejection rates are unnecessary in any modern industrial
process. They point to either a severe quality problem, or a design
flaw in the engines themselves. Since these engines have been in
the inventory for many years, we must assume that the GTE repair
process is itself somewhat to blame. While most personnel
associated with the procet;s admit to historic reject and rework
problems, the-e is very little documentation as to how these
problems have been addressed in the past. I would strongly urge the
GTE management and engineering functions to insist on careful
documentation of not only the amount and cause of rejects, but also
the careful documentation of - all attempted solutions to these
problems, including a detailed cause-and-effect analysis for all
proposed solutions to specific problems. As to the type of data that
should be collected, and the manner in which it should be reported,
the contract summary report will contain specific examples in a
recommended format.

* This rejection/rework problem is extremely costly in both
labor expended and lowered production capacity. For example,
Charts 4.0.5 and 4.0.6 indicate that the time from issue of the GTE
serial number at final assembly until delivery to MM range from five
to 70 days for both engines, with the average for the -180 being 15
days and the average of the -397 over 17 days. The assembly of the
engine and its subsequent testing, on the other hand, should require
only two or three eight hour shifts at the most. We assume that at
least part of the 12 to 15 day average delays is attributable to
rejection and rework at final test. The problem is much worse than
a simple delay would indicate. We assume that components which
are found to be at fault are removed from the engines, and these are
then returned to the repair process. Many of these failed
components are circulating repeatedly through the repair process,
passing through the various inspection points, and being returned ',o
assembly. There is no first in, first out system in effect, and a
relatively small percentage of "bad actor" parts can contribute a

* disproportionate amount of work to the process.
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In examining the clock readings of GTEs returned to the depot
due to failure in the field, we observe that 41% of the -180 engines
fail in less than a 1000 hours of field usage. The -397 has an even
worse record, as 44% of all engines fail in less than 650 hours. At
2500 hours of field usage, less than 28% of the -180s are still
functional, and only 13% of the -397 are operational. Charts 5.0.9
and 5.0.10 show histograms of this data in graphical form, over a
period of the last four years ('86 to 1990). The failures group to the
left of the mean, with a large number of engines failing in less than
500 hours of field usage.

This data indicates that every stage of the GTE repair process
needs quality assurance procedures. A very careful study of how
these products are performing in the field should be undertaken. If
the engine designs themselves are to blame, it may be more cost
effective to replace both of these items with more reliable engines.
The need for detailed documentation of the relevant data is
abs,utely critical to solving this problem.

6.0 SUMMARY

' would recommend as many of the backshop processes be brought
in-house as possible. These should not be limited to strictly the
machining processes, but should include the location of welding
facilities, as well as FPI capability, in close physical proximity to
the machining operations as well as anodizing tanks and related
process equipment.

A structured scheduling system should be implemented, with the end
goal of significantly shortening flow times as its objective. To
facilitate this goal, a strict audit of all items currently in process
should be collected, and all unnecessary WIP should be collected
from the backshops. These items should be released to the
backshops on a very strict schedule. A system of personal



5 7-

accountability for both maintaining this schedule and required
quality procedures needs to be implemented.

A structured, Statistical Process Control and Quality Assurance
system should be implemented immediately. Critical process and
operational parameters should be identified and tracked under this
system. All potential process improvement suggestions and actions
should be carefully documented.

----------------------- =
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I mentioned to Danny that we would be interested in being of
assistance in his task of implementing this system, within the
constraints of this program. Mr. Gardner has offered to contact the MDMSC
personnel in charge of the DOIS system, if Danny would care to be briefed
on their experiences with large, interrelated tracking systems. There may
be some important lessons learned in the construction and functioning of
this MDMSC system, which is used to track missile production in the
Harpoon Missile Depot.

Danny also answered several questions we had in relation to various
GTE processes we are studying. The in-house machine shop which he is
setting up will contain five lathes and three radial drills. The workload to
be transferred is mainly the shortstack machining operations. We will
need to determine what percent of this workload will be transferred from
the main machine shop, as well as the flowtimes associated with the main
operations involved. The delays and transit times for these items will
also need to be defined, as these will necessarily change when the
operations are brought in-house. We will need to collect these data
elements if we are going to include this proposed "RCC" into the model.

I also spoke with Danny about certain data collected in the MATPSI
RCC in T.O. One. There were several areas where I was unclear as to what
was trying to be accomplished. He suggested that I speak with Ed Gill
(54323), who is the planner for this area, and who was also instrumental
in validation of this area last year.

Danny also also suggested that I contact the planners for the two
GTEs we are characterizing in order that we might identify the critical
parts in the production processes, and how these items shuuld best be
tracked and analyzed. The planner for the 180 engine is Dan Heyward, and
for the 397 engine we should contact Brent Castle (Gilbert Segura may be
alternate to Mr. Castle).

DDB SECTION CODE __ DDB PAGE NO.
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7/16/90 - Monday

The GTE Task Order was to begin today, but due to the heavy
downpours here the base is closed to non-essential government personnel
until noon. I will try to contact the necessary personnel to set up a tour
for the GTE area tomorrow morning.

The following is a list of proposed tasks which I feel need to be
accomplished in order to successfully meet our base contract needs:

T.O. #15 GTE Repair Processes

Turn-on date: 7/16/90

TASKS -

denotes in-work
? denotes a to-do
I denotes a finished item

? determine if we can identify the major tasks that any one GTE could go
through.

? determine what the critical path is for the GTEs to be studied. (Is there
a logical grouping of major components or subassemblies which will help
us define this critical path).

? Build flow charts with associated times and occurrence factors.

? identify those branch and/or decision points where we may need to
collect sample data.

? identify the skill codes and quantities for the various RCCs. Contact
Suzie Guzeman to determine manpower availability for this area ("'1
shops). Note: Randy may want to go with us.

? determine which resources are necessary to characterize flow for 1st
model run.

DDB SECTION CODE_/ __ DDB PAGE NO.
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? determine MITBF/MTTR for all equip (database?).

? Naming conventions for item profiles and ops profiles. How user
friendly are the conventions used in T.O. 1 work?

? Determine the last 12 months inductions and the last 12 months
throughput. (Any way to get a grasp of how many GTEs are residing in
their parts pool?)

? talk with Danny and get the details on how he plans to approach the GTE
parts tracking system. What does he plan to use for identifiers? Does he
have a format for his collection system/forms? How is he going to track
between functional areas? What can we do to help?

? What are the needs and expectations of the machine shop as regards
this Task Order? Are they talking about the dedication of machines to
certain workloads, or the more classical "flexible cell" concept? (sounds
more like cellular groupings to me).

? How well will MATPGB ops profiles lend themselves to more logical
(lesser detail) groupings?

Basically, we plan to approach these RCCs as a single entity,
interrelated in their production of the various GTE components. I agree
that the best method is to choose only the driver items to track for the
higher order model run. I suggest that we take the flow chart that was
previously produced and attach both flowtimes and occurrence factors,
after identifying the major assemblies and/or critical path components. I
would like to set as a goal that we have at least one model run by the 20th
of August. "If" subsequent runs are necessary, we should try to ..a.e them
no later than two weeks after the previous run (i.e.; 9/4, 9/18, 10/2,
which should easily allow us to meet our 10/9/90 validation deadline in
the thirteenth week of this task order).

DDB SECTION CODE I- DDB PAGE NO.

3'



. 7/17/90 - Tuesday - 67?e$ A/,'-.

Ken Premo and I toured the GTE repair area this morning with

Danny Gonzales. Mr. Gonzales toured us through the various repair

facilities, such as the disassembly, cleaning, inspection, electrical

paint, assembly, and testing areas. Also, we toured those areas

which will contain repair functions to be centralized in Bid. 329.

These included the new machine shop area and the new cleaning area,

both of which are being set up at this time. We were shown the

various component repair areas. There are several areas which will

need to be characterized for this task order which were not

previously examined in detail. These will include the electronics

component repair and testing, the sheetmetal repair and

manufacturing areas, certain machine shop functions, and the parts

painting process.

I found it interesting that the GTE areas are presently

experimenting with OCM practices. Mr. Gonzales mentioned that

presently they are choosing only those GTEs which are found to

require 4 repair and/or overhaul on initial receiving inspection.

(The use of the most functional or "cherry" GTEs is certainly

understandable for the initial protot yping of this particular

maintenance practice.) I believe that this practice would greatly

benefit the GTE production process, should it prove to be a viable

option. I would very much like to see the IPI team become involved

in this program, although Mr. Gonzales mentioned that there were

some reservations expressed about this. Apparently, an outside



contractor is being brought in to study this practice in some detail,

and there were some concerns that we might prove a hindrance to

their operations.

I noted that the GTEs are similar to the UFCs in that there is a

much larger induction rate than production W The numbers quoted

were inductions of 110-120/mo., with throughput around 70. We

were also told that the practice of removing the serial number from

the GTE (and thereby losing accountability of parts tracking) was

still occurring. When I saw the large "kitting" area in the GTE area I

was reminded of the problems associated with this practice, which I

have seen in other industrial processes as well. It is extremely

difficult to ever gain a proper understanding of any process until you

began to track the flow of parts, by serial number. through the
system. A .. , -,[ , .. .,,-. e.,, -- ="'-: - j- ,,-

We also toured the GTE final testing facility. For reference,

the set-up time for the test was given as 1.5-1.75 hours. The actual

test is approx. 6-8 hours, with a 15 to 20% failure rate. Mr. Victor

Fountano is ii charge of the testing software support, and should

prove to be a good contact point in this area.

A meeting is scheduled in the MA conference room tomorrow at

2:00 pm. This meeting will serve as an introduction of the MDMSC

personnel to the GTE production and production support personnel.
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7/19/90 - Thursday

Susan Schattle has provided us with copies of the Task Order One

CSR and DDB ;)r the MATPGB and MATPSI RCCs. Mr. Vroman has printed off
both model runs for these areas, and we shall familiarize ourselves with

these. Danny Gonzales was unavailable for a meeting today, and I was
unable to contact Ron Garcia to discuss Machine Shop functions. I will set

up a meeting with Mr. Garcia at the earliest date, and attempt to speak
with Mr. Gonzales tomorrow about various task questions which we have.

7/20/90 - Friday

I was unable to contact Danny Gonzales this morning. Mr. Gonzales

will be TDY until 7/26/90, as he is traveling to AFLC headquarters this
week. Mr. Gonzales is attempting to obtain funding for a part's tracking

system for the GTE areas. I hope that he will have success in this
endeavor, as such a system should prove invaluable to improving the GTE
overhaul and repair processes. I also believe that systems such as this
could prove extremely valuable to DMMIS functions, as I believe that
information collected under such a system would serve as "feeder" reports

to the DMMIS files. This opinion is based on information gained from
conversations with Mr. Morris Wexler, who is a representative of the
DMMIS program here on KellY AFB.

I was unable to obtain a meeting with Ron Garcia to discuss Machine

Shop practices and the feasibility of flexible cell or dedicated machine

technology in this area. Mr. Garcia was out on personnel leave for the
latter half of the day. I will attempt to contact him on Monday. I am

anxious to make our initial survey in this area, as I remember from
previous visits that this is a large machining area, with a f.irly
significant workload.
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7/23/90 - Monday

I have made appointments with Ms. Guzeman and Mr. Pike for
tomo, row morning. I wish to discuss manpower availability and overtime
questions with Ms. Guzeman. I would like to speak with Mr. Pike abm t
information I will need from certain GTE planners, for whom he is the
manager, as well as the various engineering functions which he oversees.
I would also like him to suggest a point of contact for certain information
which we received with the original T.O. 15 SOW, which showed both

operations descriptions and associated times, as well as the RCCs
involved. This data could be potentially very valuable to us. I would also
like to question him in regard to various data bases which may reside in
his area, and the appropriate managers to contact in regard to these.
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7/24/190 - Tuesday

Ken Premo and I met with Mr. Pike this morning. Also present was
Juan Garza, who is the planning chief under Mr. Pike. We discussed several
topics, including our mutual desire to reduce impact on the production
capacity of the GTE area by reducing the amount of interviews and their
length, especially in those areas previously characterized. Mr. Pike
identified his office as the end user of the model once we are complete. I
quE3tioned Mr. Pike about what his expectations and needs for a
simulation model would be. Basically, his concept of a useable model
would be one which allowed analysis of those parts which have
historically caused delays or other process problems, such as quality or
functional impairment to the GTEs themselves. These parts should be
given special attention, as they would most likely be on the "critical path"
for the GTE process. I was pleased to hear this opinion, as it fits in nicely

* with our concept of higher order modeling. I feel that this should make
efforts much more effective than if we were driven to performing our
characterization at the lowest level of detail possible.

Mr. Harris, Mr. Premo, and myself also spoke with Ms. Guzeman this
morn;ng. Ms. Guzeman provided us with information on labor hours,
including overtime, for several of the RCCs involved in the GTE task order.
From this data I should be able to determine the manpower availability for
the various areas we will be studying. An example sheet is included as an
attachment to these notes, designated with today's date.
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7/25/90 - Wednesday

Mr. Gardner, Mr. Vroman, Mr. Premo, and myself toured the Machine
Shop this morning with, Ron Garcia. Mr. Garcia discussed several points of
interest with us, including machine shop workloads, layout, management,
and various other related topics. We also discussed the task of analyzing
the machine shop functions for applicability to flexible cell
manufacturing and/or group technology. Mr. Garcia has performed some
preliminary studies in this area which I feel show significant promise. He
has carried out some initial analysis regarding the grouping of items by
geometry, as well as by machines and process. Due to his extremely busy
schedule, he has not been able to put the time and effort into this area
that he would have wished. I feel that we should examine this data in
detail when we begin the characterization and analysis of this question.

One important determination which will need to be made is the
applicability of flexible cell technology to the the manufacturing
functions of the Numerically Controlled (NC) machines found in this shop.
After some discussion, I expressed the opinion that these machines would
probably not be acceptable candidates for this technology. The usage of
Numerically Controlled (NC) machines in ALC operations may appear quite
low by industry standards, especially given the capital intensive nature of
this equipment. Unfortunately, given the high variability and relatively
small lots that are historically involved, it would probably be impractical
to contract this work out to other sources. These same conditions would
appear to make the NC machines poor candidates for consideration in any
flexible cells or dedicated machine grouping.

On the other hand, the repair processes being performed in this
machine shop may well prove to contain several candidates for grouping
into flexible or dedicated cells. The volume of items in work is often

- fairly stable and well defined. The repair processes themselves are
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probably fairly well defined, and machinists in this area should be well
familiar with various constraints and variables associated with this
workload. These considerations may indicate that logical groupings of
dedicated machines could produce improvements in the candidate
processes. Savings in set-up and machining time, as well as the related
labor savings, could be possible. Quality might also be affected as the
machining processes would be more easily managed. More efficient
scheduling and planning of workloads might also be realized. While all of
these points are mere conjectures at this point, I do feel that certain of
the repair processes involved could be candidates for this technology.

Mr. Garcia introduced us to production, scheduling, and planning
chiefs in this area. Per Mr. Sanchez (production chief) request, Mr. Garcia
is setting up a meeting with essential personnel in this area so that we
can brief them on our involvement in the program.

0
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7/26/90 - Thursday

Scott Vroman, Ken Premo, and myself met with Danny Gonzales to
discuss various points of interest in regard to the GTE task order. Mr.
Gonzales had just returned from AFLC Headquarters, where he was
successful in obtaining funding for an expert system/parts tracking
package for the GTE area. We were all quite pleased to hear this, as we
believe that this area could greatly benefit from such a system properly
implemented. I was somewhat surprised at the aggressive schedule that
was set for implementing this program. The hardware is to be installed
and functional by Jan. 1, 1991, and the software and configuration is to be
operational in April '91. As Mr. Gonzales pointed out, this will be a
rigorous schedule. I hope that we can assist him as much as possible
through our efforts in this area.

The following notes represent my understanding of the system.
Anyone interested in more detailed information should contact Mr.
Gonzales directly. As I understand it, the system to be installed has an
AT&T 3B2 system at its heart, with 40 terminals placed throughout the
GTE process area. The system will support bar code and automated
tracking functions, and should allow data collection throughout the
process, including the parts pool. The system is to be integrated with
existing data systems, and all efforts will be made to configure it in
support of DMMIS functions. The desired result, in addition to a more
manageable production process, would be the ability to charge the user
commrnrs for actual hours expended on specific end items. The proposal
presented to the AFLC personnel included an estimated ROI of 20:1, a
proposed reduction in labor by 10%, and a reduction in stock items by 10%.
The software system, and the contractor to be used in configuring this
system, has not yet been identified.
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I mentioned to Danny that we would be interested in being of
assistance in his task of implementing this system, within the
constraints of this program. Mr. Gardner has offered to contact the MDMSC
personnel in charge of the DOIS system, if Danny would care to be briefed
on their experiences with large, interrelated tracking systems. There may
be some important lessons learned in the construction and functioning of
this MDMSC system, which is used to track missile production in the
Harpoon Missile Depot.

Danny also answered several questions we had in relation to various
GTE processes we are studying. The in-house machine shop which he is
setting up will contain five lathes and three radial drills. The workload to
be transferred is mainly the shortstack machining operations. We will
need to determine what percent of this workload will be transferred from
the main machine shop, as well as the flowtimes associated with the main
operations involved. The delays and transit times for these items will
also need to be defined, as these will necessarily change when the
operations are brought in-house. We will need to collect these data
elements if we are going to include this proposed "RCC" into the model.

I also spoke with Danny about certain data collected in the MATPSI
RCC in T.O. One. There were several areas where I was unclear as to what
was trying to be accomplished. He suggested that I speak with Ed Gill
(54323), who is the planner for this area, and who was also instrumental
in validation of this area last year.

Danny also also suggested that I contact the planners for the two
GTEs we are characterizing in order that we might identify the critical
parts in the production processes, and how these items should best be
tracked and analyzed. The planner for the 180 engine ;s Dan Heyward, and
for the 397 engine we should contact Brent Castle (Gilbert Segura may be
alternate to Mr. Castle).
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11/5/90 -

We met with Susan Schattle and Danny Gonzales this morning
to discuss experimentation and Task Order Status. MDMSC personnel
present included Greg Gardner, Scott Vroman, Ken Premo, and myself.
We discussed various issues, including the overall status of the Task
Order. I gave Mr. Gonzales a list of the items referring to our
engineering assessment task. This was per Ms. Scattle's
instructions, who felt that we should provide a clear idea of the
content of our assessment to Mr. Gonzales. Mr. Gonzales and Mr.
Gardner were both required to sign this list. A copy was provided to
Ms. Schattle at todays meeting. A signed copy of this list is
enclosed. A3-no one olc ha. f,., th n.." to ...... t on the
neee~sisty-o such- an inform.al agreement, will keep ay...

to.tmy_.ef. I will say that all of Mr. Gonzales' requests regarding
engineering assessment appear on the list, as well as several others
which we feel are important.

The remainder of the meeting dealt with itei,,s requested by
Mr. Gonzales for experimentation. We agree with his initial list, as I
have mentioned in previous notes on the subject, except for one
item. This deals with the subject of rejections at final assembly of
individual components. For various reasons we did not place this
data in the model, although we did analyze existing data (in the form
of log books provided to us by final test). I explained that a detailed
analysis of all rejection data would be provided to Mr. Gonzales in
our engineering assessment. Mr. Gonzales also requested that I
provide him with a "Theoretical Best" model run, which we had
discussed at an earlier date. I agreed to have this by Wendsday
morning.

I also pointed out that the experimentation sheet listed one
experiment which dealt with modeling the effects of bringing the
"shortstack" workload in-house. Since this move has already been
made, I suggested that we examine another workload, and use the
data available from the shortstack move to configure the necessary

DDB SECTION .ODE _ DBPAGE NO.
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suggestion, and I reminded him that we still needed the log books
which Mr. Perez maintains in the Parts Pool if we are to perform
this analysis in a structured manner. He agreed to try and provide us
the logs sometime later this week.

I spent the rest of the day working with Mr. Vroman on
constructing our experimental methodology. Mr. Vroman will provide
me with a listing of the exact experimental formats on Wensday, as
he will be teaching a class on constructing and running the model,
and other related VAX issues tomorrow (Tuesday).

0
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October 19, 1990

TO: Susan Schattle

MDMSC plans to provide/perform the following to complete the TO
15 engineering assessment:

1) Analyze rejection/rework points on GTE process and
recommend a statistical process control plan to help the ALC
reduce/eliminate the rework. The MDMSC SPC software used will be

delivered to the Air Force at completion. Provide analysis of

historical production practices for GTE processess (FY90 as period
of study).

2) Study the vibration problem currently experienced in GTE
final test, with documentation of said analysis, and provide such
recommendations as appear feasible.

3) Have the MDMSC commercial maintenance specialist survey
the commercial airline industry to determine the general extent of
maintenance problems experienced with Garret GTEs. Make
appropriate recommendations.

4) Have an MDMSC specialist in FPI processes examine the
current and proposed GTE FPI process and make appropriate
recommendations (will do our best to get him on-site).

5) Study and describe the potential use of C02 blasting in the

GTE cleaning process.

6) Use the XCELL simulator software (instead of UDOS) to

evaluate the feasibility of establishing machining cells, within the
machine shop or the GTE repair area. The XCELL software and files
(IBM compatible) will be delivered to the A.F. at the end of the T.O.

JIL



" I

7) Estimate (ROM) current GTE - 180 & 397 WIP levels and 4
make appropriate recommendations for reduction.

8) Evaluate use of a radio tracking system on GTE parts.

9) Analyze/Estimate probable effects of bringing in inter-
service workload and make appropriate recommendations.

10) Analyze and report on standardizing, the pick-up and drop-
off points for GTE processes in building 329 and associated
backshops.

Note: Where possible, a cost/benefit analysis will be perfe-med for
the above items.

Greg Gardner Danny G6nzale.,
MDMSC SA-ALC
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_11/6/90 -/ /

Since our office was to be used for teaching Mr. Vroman's
Model course, I worked at home for most of the day. I finished my
analysis of GTE rejection data, both end item and component parts.
This data will be discussed in detail in the engineering assessment
summary I am producing. I should have this summary completed next
week (Tuesday). I also finished several pages of the draft CSR,
which I will provide to Mr. Gardner for review. These will then be
provided to Mr. Gonzales as soon as possible for both review and
editorial comments.

I spent the rest of today entering the work sampling data into
our EXCELL database. The analysis of this data to date will be
provided in the engr. assessment summary I spoke of earlier.
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11/7/90-

I provided Mr. Gonzales with a "Theoretical Best" model run
this morning. Basically, I went into the model's ops files and
changed all of the IN and OUT times to reflect 24.0 hrs (although the
OUT times reflect a normal distribution around a deviation of +/- 8.0
hrs.). If this seems to long, please note that most areas involved in
the GTE repair process presently only maintain one shift, or at least
only designate GTE component processing to one shift. That leaves
one eight hour shift for the movement of items between RCCs. I feel
that this is a - reasonable. .minimum. for -these model entries.
Naturally, the process times for a GTE were dropped dramatically. If
I were to be charged with streamlining the GTE process, this is the
baseline I would aim for.

Mr. Vroman provided me with a copy of the experimental design
format and naming conventions (which follows). i structured the
Resource and Ops files to configure to the required parameters. I
contacted Mr. Gonzales to remind him that we still need the Parts
Pool log which Mr. Perez maintains. This is necessary since we are
going to analyze how the moving of the "shortstack" workload in-
house will affect production of this item, and then extrapolate this
data to make assumptions based on bringing the -180 bearing
housing in-house.

DDB SECTION CODE DDB PAGE NO. _______



. GTE EXPERIMENTAL DESIGN FILE NAMES MATRIX -

FILENAMES. I GTEPART. GTERES. GTEOPS. GTEETC. GTE .OUT
run# PART RES OPS ETC OUTPUT

11 Eli EAl EAl El El Eli
_ 2 E12 EA2 EAl El El E12
__ 3 E13 EA3 EAl El El E13

4 E14 EA4 EA2 El El E14
15 E15 EA5 EA2 El El . E15
_ 6 E16 EA6 EA2 El 1 E16

7L E17 EA7 j EA3 El El E17
__ 8 E18 EA8 EA3 E El I E18

9 E19 EA9 EA3 El El I E19

iE9 -A3 E El. I _ _-

110 E21 EM1 EA1 5E I E2 I E21
11_ E22 EM2 EAl J El i E2 I E22

_ 12 E23 EM3 j EAl I El E2 I E23

j131 E24 I EM4 EA2 El I E2 E24
114 E25 [EM5 ! EA2 I El 1 E2 I E25
I_15! E26 I EM6 i EA2 I El j E2 I E26

!16 E27 EM7 EA3 El ! E2 E 527
__ 1171 E28 EM8 I EA3 j El E2 E28

118 E29 F EM9 i EA3 ! El I E2 E29

119 E31 EA1 EM1 I E2 El E31
120 E32 I EA2 ! EM1 I E2 I El I E32
_ 2 1  _ _E33 !EA3 I EM1 E2I El I E33

_22 E_ EA4 EM2 E2 Eli E34
1231 E35 I EA5 EM2 J E2 I El E35
1241 E36 i EA6 i EM2 I E2 I El I E36

_ _ S i _ I _ _ _ _ _ _ _ _ _ ... I _ _ _

125 E37 i EA7 I EM3 ] E2 I El I E37
__ 26 E38 i EA8 I EM3 ! E2 I El I E38
27I E39 ! EA9 I EM3 I E2 I El1 E39

1281 E41 I EM1 I EM1 ! E2 I E2 I E41
29 E42 i EM2 I EM1 i E2 I E2 i E42

_ 30[ E43 I EM3 1 EM1 I E2 I E2 I E43

31 E44 I EM4 . EM2 I E2 E2 I E44
321 E45 EM5 EM2 E2 E2 I E45
331 E46 EM6B EM2 E c2 I E2 I E46___ __i_ __ _ __ _ i' __ _ __ _ __-___ I _ __ _ __ _ .._ __

1341 E47 1 EM7I EM3 I E2 ! E2 E47
,35 E48 I EM8 t EM3 I E2 ! E2 E48
1 36 1 E49 I EM9 I EM3 I E2 I E2 I E49

*f
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11/8/90 -

I spent today working on the CSR, as well as several other
items of interest. I incorporated some new parts tracking
information into the EXCELL spreadsheets. Mr. Vroman and I worked
on experimentation, and we hoped to be ready to analyze our
experimental results by Tuesday of next week. I also checked with
Mr. Premo on his progress with the GTE vibration analysis. I called
Mr. Gonzales to remind him that we still need Mr. Perez' parts pool
log to structure our last experimental files on the bearing housing
workload.

DD
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W 11/9/90 -

As Mr. Gonzales had not beed able to obtain the parts pool logs.
I went to the parts pool and obtained copies of the Parts POol Daily
Count, which has been maintained for a.pproxirnately a month.
Unfortunately, this count only showed one "shortstack" being
delivered to the parts pool in this time period. I was therefor unable
to make any form of analysis which could be used in transferring a
new workload into bid. 329. 1 went ahead and structured the bearing
housing workload by making several assumptions. First, I assurted
that only one person and associated equipment would be used in
processing this workload, as is now the case in the -machine shop. I
changed the IN and OUT times in the model to reflect a 24.0 hr.
turnaround, as I did earlier in the "Theoretical Best" model run. I
further chanced the ops files to reflect the manpower and equipment
changes mentioned earlier. I then changed the resource files to
reflect the necessary modification ("unique" manpower and
equipment codes, and corrections to the availability of the related
resources). I called Mr. Vroman and informed him of these facts, and
he may now run experiments 19 through 36.

DDB SECTION CODE DDB PAGE NO.



ENGINEERING NOTES

EMPLOYEE /,,DATE / U PAGE NO. -

RCC /1 SUBJECT '- " ,-o- .

f 10/29/90 -

i spent most of today reviewing the XCELL+ Factory Modeling
System manual. I will begin inputting data into this model later this
week. As previously mentioned, I intend to perform certain parts of
our machine cell analysis using this software. This is simply to
facilitate the performance of this part of our project, as we do not
feel that it is necessary to structure UDOS files for this task at this
time. The XCELL+ model is a limited simulator utilizing symbolic
graphics in the construction of the proposed manufacturing process.
It is its ease of information entry, as well as 1he usefulness of its
graphical presentation format which influenced our choice of this
software. We felt that, given the purely theoretical nature of our
machin ng cell model, we would benefit from a simulation package
which had a graphical presentation mode. This would facilitate the

understanding and workings of such a system. However, this
simulator does not begin to approach the analysis and construction
power available to the UDOS simulation model- It simply allows us
to easily produce a theoretical model using limited machines and
other resources, while displaying the results of such a model in an

easily understood and presentable format. Naturally, MDMSC 'vill
present a copy of this software (which is granted under a non-

exclusive, non-transferable license for use on a single user
computer, as per the manufacturer's specifications) to the ALC. The
software package is designed for the personal use of a single
engineer, but more powerful applications exist. Please refer to the
software packaging information for more details.

I also performed tasks related to the parts tracking task, and
reviewed certain data collected by Mr. Premo to be sent to our FPI
specialist. We are still awaiting word on Mr. Gonzales' opinion of
the new model runs, which he was provided on Friday. Mr. Gonzales
is at a conference this week, and may be unavailable until Monday.
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10/30/90 -

Mr. Gardner spoke with Mr. Gonzales yesterday at the
conference they are both attending. Mr. Gonzales expressed some
concern over what he felt was the low occurrence of certain
operations in the model ops files. He asked that we analyze the
reasons for these O.F. inputs.

Basically, the data presented in the spreadsheets provid.ed at
the validation meeting last Friday is self-explanatory. The O.F.s
found in the model represent --the. .actual .occurre.nce-o.the-specific.
operations during the 1990 FY. The data was taken from our analysis
of the historical documentation- provided by stamped WCDs for this
time period. This data is clearly shown in the updated spreadsheets
we provided, as -mentioned in my engineering notes of a week ago.
While the occurrence factors presented may be considered
representative only for the sample period we are studying, I would
point out that the data is much more intrinsically accurate than that
which would be gained from interview sources, as previously done in
this project's history. I also should point out it is only the- unique
nature of the GTE process paperwork which makes this analysis
possible, as we are tracking items across backshops, rather than in
the RCC itself. In my opinion, most of the negative comments MDMSC
has made about the use of WCD historical data in analyzing specific
operations within an RCC is still valid.

I am eagerly awaiting Mr. Gonzales return to the base, as I
would like to find out if we have a valid model or not. We need to
begin experimentation as soon as possible.
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10/31/90 -

I made some minor changes to the latest model's ops file
today. This was part of my effort to make. sure that all of the
inputted O.F.s were correct, per the concerns Mr. Gonzales expressed
yesterday. I found no incorrect inputs on the occurrence factors
themselves, but I did find a few cases where the listed resources
for an operation were incorrect, or the actual operation time was
itself incorrect. These are all extremely minor changes, as none of
the operation IN and OUT times changed (these being the drivers in
the GTE Process Model). This was a very detailed screening of the
present ops file, using the ALC Labor Standards listing, as well as
both the latest WCD formats and the older formats representing the
historical documentation sample we analyzed. I feel that these
changes correct any and all inaccuracies which were present. I am
fairly confident that this is now one of the best structured models
which we have produced in any Task Order, within the constraints
placed by our present SA-ALC customer (i.e., replacement of
interview data by ALC-provided Labor Standards, part tracking data).
The model was reran with these changes, and the results are
attached. Note the small change in Historical vs. Simulated
flowtimes and throughput which these changes influenced. This very
graphically points to our assertion -that management in these various
RCCs must eliminate the historically long flow times within their
processes, flowtimes which apparently have little to do with the
repair of the items, if they are to see any meaningful results from
changes at the individual operation levels.

Scott and I spent the rest of the day discussing
experimentation considerations for this RCC.

DDB SECTION CODE DDB PAGE NO. 3
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COLD JET, INC.
TRIP-REPORT

GREG GARDNER
10/16/90

I Visited Cold Jet, Inc. (Cincinnati, OH) w/Sadie McFarland. The

purpose of the visit was to evaluate the application of a C02

blasting process to cleaning engine parts. Sample parts from MAE

and MAT were used to test the application of this technology to the

current SA-ALC cleaning processes.

C02 blasting equipment is currently manufactured by two companies

- Cold Jet and Alpheus. The Alpheus technology is older. It's

cleaning action is based largely on kinetic energy imparted to the-
cleaning surface by the high-pressure impact of C02 pellets. Cold

Jet's process is optimized for maximum thermal effects and places

less emphasis on kinetics. Cold Jet uses- -a lower blast pressure and

heavier pellet density than Alpheus. Both manufacturer's equipment
is currently installed- in AFLC.

Alpheus has a blast booth installed at OC-ALC. During MDMSC's

evaluation of OC-ALC cleaning technology (1 Aug 20), OC-ALC

engineers reported that the Aipheus process -worked but requi.ed a

chemical clean/strip prior to C02 blasting. The equipment was

described as reliable and 'they complimented Alpheus on their

customer support.

Cold Jet equipment has been purchased -by WR-ALC and installation

has begun. The equipment is not yet in use (due apparently to

facilities problems - insufficient electrical wiring in the WR-ALC

hangar), and MDMSC has no performance data.

In an unrelated effort, McDonnell Aircraft Company (McAir)

conducted an evaluation of both vendors and recommended Cold Jet



as the process of choice for aviation -applications. A copy of this

report was provided to MAE engineering staff.

The Cold Jet equipment consists of:

Cold Jet Blast Unit:

This unit produces the C02 pellets (from liquid 002) and provides
nozzl e pressu -re (regulated) for blasting. These units come in single,
double, and triple- nozzle configurations. The -facilities foot print of
these units is 4 x 6 (single) or 4 x 8 (double/triple). The input
requirements are:

Electrical power (consumption rate UNK)
Liquid 002 (nominal temp = 00F.)-
Pressurized -air (pressure- is as required -max rating is 350
psi). This can -be shop air or pressurized dry air or another
inert gas.

These units are reported as highly reliable. While no -MTBF/MTTR-
figures were :immediately available, Cold Jet reported that 95% of
all unscheduled failures were repairable in less than 20 min. The-
vendor provides a- 1 year warranty, -plus a 24 hour guarantee on
return to service (a 24 hour hotline is maintained). The- units are
maintained on a 100 (operating) hour PM schedule.

MAX 002 consumption is 1400 lbs/hour.

The units are equipped with a broad assortment of nozzles for
various applications. Nozzles can be customized to fit specific
applications. The nozzles can 'be changed by the operator in 5 - 10
seconds without shutting down -the unit (Blasting must stop,
however, for safety reasons). The -nozzles are connected to the blast
unit by insulated cryogenic pressure hose. The nominal length for

I9
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this hose is 60- 100 ft but this can be increased to over 300 ft if
necessary, or shortened as required.

Flow splitter units are available which allow one blast unit to,
deliver pellets through multiple nozzles or switch between nozzles
as required. MDMSC saw a cleaning station designed for Ford, Inc.
(stripping automobile conveyor carriers) that used one blast unit to
support multiple nozzles in various arrangements. The plumbing was
very involved but appeared well constructed.

Child Blast Unit

This is a portable unit which does not produce its own pellets. It
stores pellets from a pelletizer or a blast unit and delivers them to
the part. Those units contain about 700 lbs of C02 pellets.

C02 Tank Unit

The tank contains liquid C02 maintained at O°F. This is pure (food-
grade) C02 reclaimed by the manufacture (Liquid Carbonic) from
other manufacturing processes. Delivery pressure is 300 psig.

Costs for this equipment was provided as:

Single Blast Unit - $ 150K
Double - $ 250K
Triple - $ 330K
Child - $ 50K
C02 2.5 0/lb delivered

Cold Jet reports their equipment is currently used by Delta,
Northwest AL, Federal Express, and Boeing Corp.

A variety of parts were cleaned, with various degrees of success.
The details of the cleaning process (and results) are documented on
the video tape entitled "Cold Jet/MDMSC/IPI Test 16 Oct 90."

911
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The process was extremely effective in removing grease, oils, heavy
carbon/coking, gaskets and sealants, and paint from heavier -

substrate items.

The process was less effective in removing primer from thin sheet
metal parts, although it was able to accomplish this.

The process was ineffective at removing burnt carbon that had

bonded with the metal substrate surface. It did not produce white
metal.

* MDMSC will provide video and photo documentation on these
parts to MAE/MAT engineers.

• The engine blade blasted will be shown to the MDMSC FPI
expert whenever I can get him down here. We want to know if it

could be inspected by a modified FPI process.

* Will ask Lisa Baumgardner to get details on NWA, Delta, and
Fed Ex use of the technology (and how they really like it).
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CHEMICAL/HAZARDOUS-MATERIAL REQUEST 1. TYPE REQUEST(Checkone) .2. CIMN NUMBER
(Type or Print With Pen Only) f INITIAL j] RENEWAL. 0329-270

3. ORGANIZATION SYMBOL 4. FUNCTIONAL CODE S. OPERATION CODE (Shop) 6. ZONE NUMBER
SA-ALC/MATPSI MTPS9Q MA270 DF'(-0780
WORKCENTER TITLE 8. BUILDING NUMBER 9. LOCATION (Be specific)
PARTS INSPECTION 0329 COL E-4

10. NSN/LSN 11. NOUN - 12. UNIT OF ISSUE

L8SOPWS-1 DEVELOPER, TYPE I, FORM B 1 00/LB/LB
-13. PART NUMBER AND TRADE NAME 14. MATERIAL SPEC (State any MiI-Spec, Fed-Spec etc., 15. MONTHLY REQUIREMENT

leave blank if unknown)

MIL-I-2513SD 01
16. MANUFACTURER'S NAME 17. MANUFACTURER'S ADDRESS (CityandState) 18. CAGE/FSCM NUMBER

19. JUSTIFICATION (State T.O., claout, manufacturer's callout, work specs, drawings, etc.,)
TO 33B-1-1

20. PROCESS (Fully describe work activity and process in which this material is used, identify method of apphcation 20a. NEW PROCESS (Check one)
and applicable end items) N

LUORESCENT PENETRANT INSPECTION E] YES I NO

21. DISPOSAL METHOD FOR WASTE GENERATION (Check one)

M CONSUMED IN USE C] IWTP El OTHER(Explain)

j DRUMMED WASTE [] BULKWASTE

22. RESPONSIBLE SUPERVISOR (Name, orgn, phone) i 22a. SIGNATURE i 22b. DATE

23. I CERTIFY THE MATERIAL IS REQUIRED AS STATED ABOVE ( ovid, addaonar ks if necessary)

23a. CERTIFYING OFFICIAL(Name, title, orgn, phone) i 23b. SIGNATURE i 23c. DATE

W r*1, G '- (JI .EIJ61 MArF'Tq33 -z &L( qA D
DIRECTORATE OF MAINTENANCE FORWARD TO APPROPRIATE MAQ BRANCH

OTHER ORGANIZATIONS FORWARD TO BIOENVIRONMENTAL ENGINEERING SERVICES
24. CONTROL NUMBER 25. MATERIAL REVIEW CODE 26. H ZARD CLASS /STORAGE CODE
89336Y04 '7 LA I)V/ / !'Pa-cl F1 c.

27. DISPOSAL CODE 28. PROCESS CODE 29. REVIEW DATE j 30. NEXTREVIEWDATE
IWTP INSP 01/90I (2 --

31. REMARKS
REPLACES 6850PD76

Based on the information provided, this chemical is found to be a valid requirement for use as stated above. A copy of this form has been
rwarded to Bioenvironmental Engineering Services. Improper use or lending of this material is prohibited.

I 2. REVIEWING OFFICIAL (Name, title. or~n, phone) 32a. SIGNATURERALPH ROGERS
QUALITY ASSURANCE SPEC. MAQV, 5-4041

AFLC FORM 611, OCT 88 1 5 COPY 1 -REQUESTING ACTIVITY



CHEMICAL MATERIAL REQUEST /AUTHORIZATION (0094)

1.'OMANUSACBORERA.DP'ARTNOMBE13. OPER.CODE 4. -ORGANIZATIO A TIL

1. RESP;OSIE SUPRVSO (NameN grde Vrn phne SIEIFCNATURE.MOR

EXT 1-4041

17. NAENDILE PRO R (am, gad. o~j; phne SIGNATURE

18. MRCDO33IOO2A 191 3SD

21 PRIMARY HAZADOU MATERIALREUIEDASSTIEs)o

MAkyFL Naphtalee Diphen Octyl PhspaeParffn i

22.IPRTECTIE EQUNAIPM N REQIRED FRAY (Cec aENVIROMAL block SRAs)FT ECINW QC LD 0.ROM27

TYPNA E SPEIFI PROTECTION

EYES13LI ASFT GASCSS E -TY OGE CHML SLS OGEAESIL

23.'es EMRGNC PROEDRE REQUIRED, IFENANYE

24. PREMARKSAADOSMTEILs

Provide good genera vipentilaton Pofhaea; Wearprotecive eqimntaieqie

25.NA E NDIFI TILPFAROTNEFICACIGAUET 6IPONADAE2. XIATOD

23MELVENCE. POEDUE EURE D, IFR.N
Inustra Hyg o sinith lnyae - was wit 8801 9301trClfrmeia

asi tnc ifR 396nP 7eSTiedEed.~rN'L~t -EQETN ATVT

24. REMARK
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.;29-42 CHEMICAL MATERIAL REQUEST/AUTHQRIZATION (0094). 4,, 9t. 1. ORGN SYMBOL J 2. FUNC CODE 3. OPER'CODE 4. ORGANIZATIONAL TITLE

S. "BL G: LOCATION 6. NSNILSN 7. UI 8. SPECIFICATION 19. MO REQB/ : , 73-L ,($Oil~ o94J- '2,- MI(L-r- IoSW. "3 'DP-
10. NOUN 1 1.JUSTIFICATION (Statq r.o. callout, mfg callout, work specs,

-pe E IAs etc.)
12. MANUFACTURERAND PARTNUMBER 'r(). 20 A 3 3- PA , --3 P

M E7F- L- -CkA& P 2- 6-1- ~eA ,1j1,i2 Q {(.L(3 1st =;

sj f - MO c , 4o4 10 2-3Tp Ap-,;3-3 1 P4,2U 9-/_2-
13. PROCESS (Fully desrib4 material application, ref end items, etc.)

13'. RESPONSIBLE SUPERVISOR (Name, grade, orgn, phone) SIGNATURE

110olto Vjo(, -84 )P O'9 M A-1 Pz n
I CERTIFY-THIS MATERIAL IS REQUIRED AS STA fD ABOVb

14. CERTIFYING OFFICIAL (Name, grade, organization, phone) SIGNATURE ...-- J

MA1313rL V'C, SS-______________________
MAINTENANCE ORGANIZATIONS WILL FORWARD TO ENVIRONMENTAL AND INDUSTRIAL SAFETY SECTION (MAQCETBLDG 308, ROOM 227,
EXT 5-4041

16. REMARKS

17. NAME AND TITLE OF REVIEWING OFFICIAL JSIGNATUE.-_
Hyland Lee, Environmental Engineer -

FORWARD TO BIOENVIRONMENTAL ENGINEERING SERVICES (SGS), BLDG 305, EXT 5.7S",9
-1 0O033fP002A 19. MSDS F 20. WORKPLACE IDENTIFIER

21. PRIMARY HAZARDOUS MATERIAL(s)
Paraffin oil, ehtoxylated octylpheol-, fluroescent dye.

22. PROTECTIVE EQUIPMENT REQUIRED, IF ANY (Check all applkable blocks)

TYPE SPECIFIC PROTECTION

SKIN '. BARRIER CREAM GLOVES APRON I I CLOTHING IRUBBER BOOTS

EYES XSAFETY GLASSES SAFETY GOGGLES CHEMICAL SPLASH GOGGLES &rFACE SHIELD

RESPIRATOR ORGANIC VAPOR SPRAY PAINT METAL FUME I TOXIC ,._ ____
r

_ _ _

OTHER (Speci'y)
23. EMERGENCY PROCEDURES REQUIRED, IF ANY
Flush eyes or skin with plenty of water - wash with soap and water. Call for medical
assistance if needed.

24. REMARKS
Avoid skin and eye contamination; Practice good personnel hygiene (handwashing);
Provide good general ventilaiion of area; Wear protective equipment as required

25. NAME AND TITLE OF APPROVING OFFICIAL SIGNAT 26. APPROVAL DATE 27. EXPIRATIONOATE
ARTHUR HYMAN
Industrial Hygienist " 3801 9301

AFLC FORM -3916, APR 87 (TEST-i) PREVIOUS EDITION WILL BE uSEDR
*7 1 -REQUESTING ACTIVITY



CHEMICAL MATERIAL REQUEST/AUTHORIZATION (0094) . / ,
1. ORGN SYMBOL 2. FUNC CODE 3. OPER CODE 14. ORGANIZATIONAL TITLE

M 7sZ- I lTesciqd ITPI2 8 ~ ~ oTO T.12S. BL7 LOCATION 16. NSN;LSN 7. UI j8. SPECIFICATION- It 9. MO R0Q

10. NOUN 1 1.JUSTIFICATION (Statq r.o. Callout, mfgcallout, work specs.

etc.)

12. MANUFACTURER AN PARTNUMBER TO Z P,3-sb-3
M....gJ< CE -t -. Loo -. O C__" k4 -. C-0-O ,.
SAA)U M04_ICk.AC-Pt, 9 0 4.04- oa-,~3 1  5-12.-

13. PROCESS (Fully desribe m terial application, ref end items, etc.)

To 6Er APPLI6 1, roT0 3 B-)-J ~AI) I L-r 1 ,U

13. RESPONSIBLE SUPERVISOR (Name, grade, orgn, phone) SIGNATURE j
I CERTIFY THIS MATERIAL IS REQUIRED W- STNED ABO/E 7

14. CERTIFYING OFFICIAL (Name, grade, organization, phone) SIGNATURE 7
* M~ 9- ,G I 1 rP 432.31 ('),BL7

MAINTENANCE ORGANIZATIONS WILL FORWARD TO ENVIRONMENTAL AND INDUSTRIAL SAFETY SECTION (MAW), BLDG 308, ROOM 227.
EXT 5-4041

16. REMARKS

17. NAME AND TITLE OF REVIEWING OFFICIAL

Hyland Lee, Environmental Engineer 1987
FORWARD TO BIOENVIRONMENTAL ENGINEERING SERVICES (SGB), BLDG 305, EXT 5.7544

18. MRCD033/0002A 19.-MSDS 20 WORKPLACE IDENTIFIER

D033 -U Yes, FNX -
21. PRIMARY HAZARDOUS MATERIAL(s)

Solvents, Alkyl aryl polyethoxide ester surfactant

22. PROTECTIVE EQUIPMENT REQUIRED, IF ANY (Check allapplicable blocks)

TYPE SPECIFIC PROTECTION

SKIN - BARRIER CREAM ' GLOVES APRON CLOTHING RUBBER BOOTS

EYES .-FSAFETY GLASSES SAFETY GOGGLES CHEMICAL SPLASH GOGGLES - , FACE SHIELD

RESPIRATOR ORGANIC VAPOR SPRAY PAINT METAL FUME ' TOXIC DUST
OTHER (Specify)

23. EMERGENCY PROCEDURES REQUIRED, IF ANY
Flush eyes or skin with plenty of water - wash with soap and water. Call for medical

assistance if needed.

24. REMARKS'

Avoid skin and eye contamination; Practice good personnel hygiene (handwashing);

Provide good general ventilation of area; Wear protective equipment as required

25. NAMEANDTITLEOFAPPROVINGOFFICIAL SIGNATURE 26. APPROVAL DATE 27. EXPIRATION OAT

MELVIN E. PEREZ, JR. A 8190
Industrial Hygienist 8801 9301

AFLC FORM 3916, APR 87 (TEST-1) PRVOUS EDIINW'L" EO 1 -REQUESTING ACTIVITY
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REPAIR TECHNOLOGY PROJECT

1. Title. Automated Fluorescent Penetrant Inspection Process (AFPIP)

2. Objective., The project will cover the automation of the entire process of
Fluorescent Penetrant Inspection including the black light inspection. The
computer will scan the surface of' the aircraft part for any flaw. With the
use of Artificial Intelligence, te computer will determine if the part is
acceptable.

3. Cost of the Effort. Estimated AFSC MANTECH $ 1,500,000.00 needed to
complete proposed project.

4. Description of the Technology Deficiencies:

a. Maintenance & Repair Operations:

(1) The Technology Repair Division is involved in the overhaul of 17
models of Aircraft Starters, 13 models of Gas Turbine Engines, the F15
Secondary Power System and the F16 Engine Start System. The Weapon
Systems that are supported are: FOO, B52, C135, A1O, KC135, F4, Fl11,
C130, F106, F101, C141, C140, C5, F15, & F16.

(2) The Maintenance Operation involves the overhaul of'the assets
mentioned in the preceding paragraph. The overhaul process includes
disassembly, cleaning, fluorescent penetrant inspection, dimensional and
visual inspection, repair (when needed), and assembly.

The required fluorescent penetrant inspection involves immersing a
basket full of parts in 3 chemical filled tanks, water rinsing the parts
twice under black light, drying the parts in electric dryers, and finally
Inspecting parts under black-light (in a dark room) for cracks and
imperfections.

b. Technology Deficiencies: .

(1) There is no uniformity in the way black light inspection is being
done. By automating this process, the computer will detect the flaws or
cracks, quantify the crack, compare the results with technical order
guidelines, and determine if flaw or crack is within or outside technical
order guidelines.

(2) The chemicals are presently being replenished every month because
of contamination or weakness in its concentration.

(3) Present set up exposes the operator to the hazrds ol the
chemicals used in this process. Eliminating operator exposure to these
chemicals will be a welcomed change.

(4) There is lack of uniformity in the application of the chemicals on
parts in Bldg 329. There hasexessive amount of penetrant in some
instances and other times there is not enough of penetrant chemical.



(5) There is no uniformity in the rinsing process. This process is
tedious in most cases. The operator has to work in a dark-room with the
black light on and rinse excess penetrant chemicals off the-part.

(6) The present set up requires the operator to push baskets on the
roller conveyor, attach the basket to the overhead conveyor for immersing
in the chemical tanks, and lifting baskets from one station to another.

(7) This area is a bottleneck in Bldg 329, Kelly AFB. The volume of
parts needing fluorescent penetrant inspection overwhelms the existing set
up and the personnel involved in this process. These personnel are often
requested to work overtime to catch up with the flow of parts.

c. Suggested Approach: A'fully automated fluorescent penetrant
inspection (FPI) line will resolve all the deficiencies that were
discussed. The system will be similar to the IBIS in Bldg 360, Kelly AFB.
The major difference is the automation of the black light inspection
process. This will include a robotic arm that will pick up the part to be
black light inspected, place it in the field of view of the fiber optic
lens, detect flaw, quantify the flaw, evaluate the flaw, determine if flaw
is acceptable with use of artificial intelligence, and print results of
the inspection process. An automated material handling 3ystem will be
used to move the baskets and most importantly to obtain the correct dwell
time for the chemicals to cure. By utilizing electrostatic spray system
in the application and dispensing of the chemicals, it will reduce
chemical waste by an estimated 60%, eliminate personnel contact with the
chemicals and have a uniformly applied coat of penetrant, remover and
developer chemicals on the part.

5. Only existing system coming close to the suggested approach is the IBIS
in Bldg 360, Kelly AFB. Item was contracted to General Electric. Project
engineer for the IBIS is James Wheatley, 512 925 7716.

6. Policies and Procedures Guidance: All policies and guidance for the
overhaul of the assets are provided by the technical order of each respective
end item. Present process and procedure can be implemented by amending a
statement in the technical orders which will allow electrostatic application
of the chemicals.

7. Cost and Benefits:

a. Workload. FY 89 Cartridge and Air Turbine Starters.. 3,232 units
Gas Turbine Engines.. 1,174 units
F-15 Secondary Power System.. -1,681 units
F-16 Engine.Start System.. 394 units

FY 90 Cartridge and.Air Turbine Starters.. 952 units
Gas Turbine Engines.. - 835 units
F-15 Secondary Power System.. 1,330 units
F-16 Engine Start System.. 400 units

The following items are projected workload:

FY 91 Cartridge and Air Turbine Starters.. 852 units
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COMPARISON OF bELAYTRANsIT, AND PROCESS FLOWTIMES

PROCESS- -250/- -

TRANSIT 1 2.42o/o

DELAY 87.33%



COMPARISON OF DELAYTRANSIT, AND PROCESS FLOWTIMES

PROCESS .25%
TRANSIT 12.42%

DELAY 87.33%



BACKSHOP FLOWTIMES DATA

MAEIAA
MAEIAA 0.24 0.24 0.02 MAEPDB
MAEIAA 266.66 22.11 0.25 MATPMM
MAEIAA 315.33 7.92 0.26 MATPNB
MAEIAA 323.76 23.43 0.13 MATPNC
MAEIAA 331.20 29.70 0.23 MATPNN
MAEIAA 395.78 25.42 0.23
MAEIAA 412.00 16.50 0.10
MAEIAA 796.10 31.35 0.29
MAEIAA 1017.08 31.02 0.28
MAEIAA 1044.13 19.92 1.96 MAEIAA
MAEPDB 0.24 0.33 0.01
MAEPDB 0.24 0.33 0.01
MAEPDB 11.28 4.44 0.25
MAEPDB 13.20 16.50 0.11
MAEPDB 21.60 8.10 0.45
MAEPDB 53.25 4.95 0.11
MAEPDB 360.45 14.85 0.14 MAEPDB
MATPGB 254.40 33.00 0.58
MATPMM 12.00 8.00 0.08
MATPMM 55.14 22.11 0.18
MATPMM 525.60 29.70 0.23
MATPMM 1539.35 28.05 0.28 MATPMM
MATPNB 24.48 8.94 0.11
MATPNB 35.49 29.75 0.41
MATPNB 44.96 25.74 0.16
MATPNB 68.52 26.08 0.18
MATPNB 80.08 29.04 0.18
MATPNB 81.65 23.43 .0.15
MATPNB 137.01 44.88 0.29
MATPNB 153.95 48.68 0.33
MATPNB 198.17 18.48 0.11
MATPNB 225.20 59.40 0.38
MATPNB 228.24 53.13 0.34
MATPNB 287.70 75.90 0.49
MATPNB 307.70 28.03 1 0.18
MATPNB 869.09 88.77 1 0.56 MATPNB
MATPNC 59.73 48.27 0.36
MATPNC 139.24 31.68 1.38
MATPNC 218.80 49.50 1.40
MATPNC 227.71 20.46 0.33
MATPNC 388.30 27.06 2.90
MATPNC 405.56 61.38 0.34
MATPNC 517.05 31.02 0.25
MATPNC 658.50 33.00 0.41
MATPNC 804.41 49.67 2.23

MATPNC 953.26 25.41 r 1.62 1

Page 1



r1ACKSHOP FLOWTIMES DATA

MATPNC I 1075.20 92.40 2.29 !
MATPNC 1087.27 60.98 1.06 _

MATPNC 1145.14 56.43 2.12 1
MATPNC 1497.61 105.27 2.99 I
MATPNC 1704.30 128.70 3.00 [MATPNC
MATPNN 0.24 t 0.33-- 0.01
MATPNN 8.40 ' 1.65 0.05
MATPNN 38.88 5.94 0.23
MATP1N -41.04 5.94 0.23
MATPNN 46.85 36.83 0.49
MATPNN 57.60 26.40 1.00
MATPNN J 133.28 18.48 0.56
MATPNN I 247.20 56.10 1.83 1
MATPNN j 250.70 I 127.39 2.77 _

MATPNN ! 274.20I 112.20 2.74 1
MATPNN I 345.60 I 26.40 I 0.80 I
MATPNN 1 350.22 I 22.77 I 0.18 IMATPNN
MATPSI 18.38 22.11 0.17 _

TOTALS BY BACKSHOP I _

I DELAY TRANSIT PROCESS !
MAEIAA 4902.28 207.61 j 3.75 5113.64
MAEPDB 460.26 49.5 1.08 1 510.84
MATPMM 2132.09 I 87.86 i 0.77 I 2220.72
MATPNB 2742.24 1560.i 5 3.87 I 3306.36
MATPNC 3201.91 821.23 22.68 ! _4045.82

MATPNN j 1794.21 440.43 1 10.89 1 2245.53
TOTAL 15232.99 2166.88 J 43.04 1 17442.91

% CONTRIBUT1 DELAY TRANSIT - PROCESS -

MAEIAA 1 0.32 i 0.10 0.09 _

MAEPDB I 0.03 j 0.02 I 0.03 I
MATPMM 1 0.14 0.04 0.02 _

MATPNB 0.18 j 0.26 0.09 1
MATPNC j 0.21 I 0.38 0.53 I
MATPNN j 0.12 0.20 0.25 1

, ___ DELAY TRANSIT PROCESS I
TOTALS 15232.99 2166.88 43.04 i

AVERAGE FLOWTIME PER PART PROCESSED I
I____ I_ DELAY 1 TRANSIT PR'jCESS i
MAEIAA I 490.23 j 20.7- I 0.38 -

,MAEPDB I 57.53 619 0.14 -
MATPMM 1 533.02 J 21.97 1 0.19 i _ .
MATPNB I 195.87 1 40.02 1 0.28 1 c__),"_____
MATPNC I 213.46 54.75 1 1.51 _

MATPNN I 149.52 ! 36.70 I 0.91 ________-_

Page 2



BACKSHOP FLOWTIMES DATA

DELAY ITRANSIT !PROCESS
4902.281 207.611 3.75

460.26! 49.51 1.08
2132.091 87.861 0.77
2742.241 560.251 3.87
3201.911 821.231 22.68
1794.211 440.431 10.89

4902.281 207.611 3.75
1 1
I I _ _

I _ _ _ i _

_ _ _ I !i__ _

460.261 49.51 1.08

I _ _ _ _ _

2132.091 87.861 0.77
_ 1
I _ _ _ ! _ _

I _ _ _.1 _ _ _ '_

_ _ _ I I

I _ _ _ t _ _

_ _ _ _ I _
_ _ _ _ i _ _ I _ _

_ _ _ _ I _ _ _ I _ _

_ _ _ t I _ _ I _ _

_ _ _ _ _ _ I _ _

Page 3 /.30



BACKSHQP FLOWTMES DATA

3201.91 821.23 22.68

1794.21 440.43 10.89

Page 4 /3/



397 BACKSHOP FLOWTIMES

A B I C D - E
1 TURBINE BEARING HOUSING
2 _____ DELAY TRANSIT PROCESS _____

3 MATPMM 1539.35 28.05 0.28
4 MATPNN 41.04 5.94 0.23 ____

5 MAEPDB 53.25 4.95 0.11 _____

6 MATPNB 198.17 18.48 0.11
7 MAE1AA 315.33 7.92 0.26
8 MATPNC 227.71 20.46 _ 0.33
9 ITOTALS 2374.85 85.8 1.32 2461.97
10 _ _ _ _ _ _ _ _

11 COMPRESSOR INLET
1 2 ______ DELAY TRANSIT PROCESS _____

1 3 MAEIAA 796.10 31 .35 0.29 __

14 ,MATPNB 44.96 25.74 0.16 ____

15 IMATPNN 8.40 1.65 0.05
1 6 MATPNC 658.50 33.00 0.41 _____

17 TOTALS 1507.96 91.74 0.91 1600.61
18_____
1 9 TURBINE NOZZLE
20 ______ DELAY TRANSIT PROCESS
21 MAEPDB 360.45 14.85 0.14
22 MATPNC 388.30 27.06 2.90 __

23 MAEIAA 1044.13 19.92 1.96 - __

24 TOTALS 1792.88 61.83 5 1859.71
25 1_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

2 6 2ND STAGE DIFFUSER ASSY.
27 _____J DELAY TRANSIT PROCESSj_
28 MATPMM 525.60 29.70 0.23
29 MAEPDB 21.60 8.10 0.45
3 0 1MATPNN 247.20 56.10 - 1.83 ___

31 IMATPNB 287.70 75.90 0.49t
32 MATPNC 1704.30 128.70 3.00 ___

33 TOTALS 2786.4 298.5 6 3090.9
34__ _ _ _ _ _ _ ___ ___ _ _

35 ACCESSORY CASE HOUSING ___ _______

36 DELAY TRANST PROCESS __

37 MATPMM 55.14 22.11 0.18___
38 MATPSI 18.38 22.11 0.17 ___

39 MAEPDB 0.24 0.33 0.01
40 IMATPNB 68.52 26.08 01 __

41 MATPNN 0.24 0.33 0.01 1 ___

4 2 MATPNC 139.24 -31.68 J 1.38
43 TOTALS 281.76 102.64 _ 1.93 386.33

Pagel 13



180 BACKSHOP FLOWTIMES

COMBUSTION CHAMBER LINER 1
DELAY TRANSIT PROCE!S |

MAEPDB 11.28 4.44 0.25 __. .
MATPNB 35.49 29.75 0.41
MATPNC 59.73 48.27 0.36
MATPNN 250.70 127.39 2.77 _

TO'TALS 357.20 209.85 :3.7915"70.84

TUR-55E TORUS -

DEKAY TRANSIT PROCESS_
MAEPDB 13.20 16.50 0.11
MATF'NB .153.95 1 48.68 0.33
MArPNC 218.80[ J_49.50 - 1.40
MATPNN 274.20 112.20 2.74
TOTALS 660.15 226.88 4.6S 891.61

TURBINE NOZZLE
DELAY TRANSIT PROCESS

MATPNB 307.70 28.03 0.18
MATPNC 953.26 25.41 1.62
MAEIAA 395.78 25.42 ,L0.23
TOTALS 11656.74 78.86 2.03 1737.63

iwND STAGE COMPRESSOR HiO USING t
DELAY TR.ANSI.T_ PR.CESS

;MATPNN 345.60 26.40 0.80
MAEIAA 331.20 29.70 0.23
MATPNB 228.24 53.13 0.34
MATPNC 1145.14 j-56.43 2.12
TOTALS 2050.181 165.66 3.49 2219.33

IS r STAGE INLET ASSEMBLY j
DELAY TRANSIT "ROE"

MATPNN i 33.28 18.48 0.56
MAEIAA 266.66 J 22.11 0.25
MATPNB 137.01 44.88 0.29----I I

MATPNC 804.41 49.67 2.23
TOTALS 1341.361 135.14 3.33 1479.83

1ST STAGE COMPRESSOR DIFFUSER
DELAY "TRANSIT PROCESS

MAEIAA 323.76 23.43 0.13
MATPNB1  81.65 23.43 0.15 I
MATPNC 405.56 6,1.38 0.34

TOTALS 810.7 108.24 0.62 I 919.83

Page 1 1. 3



180 BACKSHOP FLOWTIMES

2ND STAGE DIFFUSER HOUSING_____
________ DELAY TRANSIT PROCESS _____

MVATPMVM 12.00 8.00 0.08 _____

MATPNB 24.48 8.94 0.11 _____

MATPNN 350.22 22.77 0.1 8 ______

MAEIAA 412.00 16.50 0.10 _____

MATPNC 1087.27 60.98 1.06 _____

TOTALS 1885.97 117.19 1.53 2004.69

2ND STAGE COMPRESSOR DIFFUSER_____
________ DELAY TRANSIT PROCESS _____

MAEIAA 1017..'8 31.02 0.28 _____

MATPNB 80.08 29.04 0.18 _____

MATPNN 38.88 5.94 0.23 _____

MATPNC 517.05 31.02 0.25 _____

TOTALS 1653.09 97.02 0.94 1751.05

BEARING HOUSING___ _______

_______ DELAY TRANSIT PROCESS
MAEIAA 0.24 0.24 0.02 _____

MATPNN 46.85 36.83 0.49 _____

MATPNB 869.09 88.77 0.56 _____

MATPNC 1497.61 105.27 2.99
TOTALS 2413.79 231.11 4.06 2648.96

WHEEL AND S HAFT ASSEMBLY__________
_______ DELAY TRANSIT PROCESS

MATPGB 254.40 33.00 0.58
MAEPDB 0.24 0.33 0.01
IMATPNN 57.60 26.40 1.00
MATPNB 225.20 59.40 0.38 _____

MATPNC 1075.20 92.40 2.29 _____

TOTALS 1612.64 211.53 4.26 T 8 -28.43

Page 2
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180 STAT SUMMARY

1ST STG COMP DIFFUSER
Rc CF DAYS I-OURS
NO 0.875 10.375 249
NB 0.625 4.25 102

MAEIAA 0.625 13.125 315
NO 0.75 7.625 183

TOTAL 1 35.375 849

1ST STG INLET ASSY
ROC CF DAYS HOURS
NO 0.83 23.17 556.00
NB 0.61 2.67 64.00

MAEIAA 0.67 12.39 297.33
N 0.56 6.61 158.67

NO 0.67 13.33 320.00
NB 0.06 0.17 4.00
NO 0.06 0.06 1.33
NB 0.72 5.61 134.67

TOTAL 64.00 1536.00

2ND STG COMP HSG
RmC CF DAYS HOURS
W, 0.92 13.92 334.15
NB 0.62 7.08 169.85

"MAEIAA 0.69 12.00 288.00
NN 0.62 12.31 295.38

NO 0.54 23.00 552.00
NB 0.00 O
INO 0.00
NB 0.77 5.92 142.15

TOTAL 74.23 1781.54

2ND STG DIFFUSER HSG I
RC CF DAYS I HOURS
NC 0.83 36.00 864.00

MAEIAA 0.50 18.17 436.00
NN 0.67 15.83 380.00
NO, 0.33 10.00 j 240.00
NB 0.00
NN 0.00
NO 0.17 1.17 28.00
NB 0.00
mN 0.00
NC 0.00
NB 0.50 1.50 36.00
W, 0.50 2.00 48.00

IvM 0.33 1.17 28.00
TOTAL 85.83 I 2060.00

2ND STG COMP DIFFUSER I
FCC CF DAYS j HCJRS
N, 0.56 18.89 453.33

0.22 5.72 _ 137.33
N, 0.44 20.56 493.33
NB 0.83 4.83 1 116.00

IAA 0.89 41.83 j 1004.00
TOTAL 91.83 1 2204.00

Page 1 3



180 STAT SUMMARY

_BEARING HOUSING
FCC CF DAYS I-JRS
N3 0.52 13.32 319.68
NB 0.04 0.36 8.64
NO 0.28 29.24 701.76
NB 0.76 10.48 251.52
NN/ 0.72 2.32 55.68
W, 0.72 4.08 97.92
NB 0.72 3.76 90.24
N0 0.68 19.36 464.64

EIAA 0.00
ND 0.68 5.80 139.20
Nm 0.12 0.00
W, 0.16 3.76 90.24

NB 0.64 6.80 163.20
NN 0.60 0.92 22.08
N0 0.20 6.52 156.48
NB 0.52 18.68 448.32

TOTAL 125.40 3009.60

TURBINE NOZZLE
FCC CF DAYS HOJRS
IAA 0.77 18.00 432.00
m 0.77 41.23 989.54
NB 0.85 14.46 347.08

TOTAL 73.69 1768.62

TURBINE TORUS
FCC CF DAYS HOJRS

NN 0.68 2.36 56.64
W, 0.52 6.56 157 44
NB 0.08 0.12 2.88
NN 0.76 6.68 160.32

P0B 0.4 1.24 29.76
m 0.72 0.6 14.4
w 0.36 3.72 89.28
iN 0.16 1.64 I 39.36
NB 0.68 4.2 100.8
NO 0.44 6.12 146.88
m 0.72 12.12 290.88
NB 0.64 3.84 92.16

TOTAL 49.2 I 1180.8

WHEEL AND SHAFT ASSY
FCC CF DAYS HCJF
W, 0.86 21.71 521.14

N3 0.71 5.57 133.71
N 0.71 36.86 884.57
W, 0.57 11.00 264.00

POB 0.29 98.29 2358.86
NB 1.00 7.00 168.00
IC 1.00 9.43 I 226.29

TOTAL 1 189.86 i 4556.57

Page 2 13?



397 STAT SUMMARY

1ST STG INLET HSG ASSY
FCC CF DAYS HOJRS

w 0.09 0.48 11.48 Nc '\4e
NN 0.04 0.39 9.39 "fJ ,, " '
N0 0.09 1.52 36.52
NB 0.13 0.57 13.57

MAEIAA 0.96 33.83 811.83
N, 0.78 23.48 563.48

NB 0.61 2.70 64.70
TOTAL 62.96 1510.96

ACCESSORY CASE HSG
FCC CF DAYS HOURS
w_ 0.74 5.78 138.78
NN 0.00
NB 0.00

POB 0.00
w_ 0.00
NB 0.04 0.09 2.09
NC 0:13 1.26 30.26
NB 0.70 3.91 93.91
SI 0.61 1.91 45.91
NN 0.61 3.30 79.30

TOTAL 16.26 390.26

TURBINE BEARING HSG
FCC CF DAYS -HOURS
Nc 0.33 3.42 82.00
IAA 0.08 2.50 60.00
NC 0.08 1.33 32.00
NB 0.19 2.39 57.33

POB 0.17 9.03 216.67
IAA 0.17 10.69 256.67
NNJ 0.17 1.92 46.00
NO 0.22 7.67 184.00
NB 0.36 7.08 170.00
wM 0.83 63.53 1524.67

TOTAL 109.56 2629.33

TURBINE NOZZLE
FCC CF DAYS HOURS
IAA 0.20 10.50 252.00
NC 0.50 15.93 382.40
IAA 0.50 43.10 1034.40
POB 0.47 15.83 1 380.00
w_ 0.37 3.93 94.40

TOTAL 89.30 j2143.20
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'EMPLOYEE r ?- M DATE Vb , V - )C-PAGE NO.______

__ __ _ __ _ SUBJECT flr.AL -fCSr cALc1V A L

CELLTIME COMP.TIME
TOTAL: AVERAGE 11.41 1.99-

STAND.DEV. 9.72 I.00

REJECTS: AVERAGE 8.72 0182
STAND. DEV. 9.29 0.86

ACCEPTS: AVERAGE 12.27 -2.36
STAND. DEV. 9.74 0.72

CELL I COUNT AVERAGE STAND. DEV. TOTAL TIME
5 21 16.60 13.36 348.57

6 36 10.95 6.78 394.37
7 20 10.78 9.11- 215.57
8 14 9.71 6.19 135.93
9 27 10.06 11.09 271.60
10 20 13.81 10.88 276.25
11 42 9.87 9.26 - 414.47

CELL TIME COMP.TIME
TOTAL: AVERAGE 9.83 - 2.20

STAND. 0EV. 8.31 1.08

REJECTS: AVERAGE 8.24 0.80
STAND. 0EV. 9.13 0.93

ACCEPTS: !AVERAGE 10.36 2.66
STAND. DEV. 7.96 0.63

CELL a. COUNT AVERAGE STAND. DEV. TOTAL TIME
5 29 11.78 10.50 341.75
6 58 10.26 7.72 595.15
7 20 11.80 9.76 235.92
8 61 7.69 5.35 469.33

9 68 9.07 6.71 616.77
10 31 12.30 11.13 381.40
I t 47 9.47 9.58 445.20
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180 FINAL TEZT bATA(S4) (b +±e - c-eAl -

L ______ITO'AL CELL TIME COMPUTE~R RUN MIME CORRECTED
" SERIAL HUM. TEST CELL HOURS MINUTES HYJRS IPNNUTES STATUS CELL TIME COMP. TIME

P995 51 28 2 18 A 3.47 2.30
P528 5 19 33 2 31 A l 3.55 2.52

_ _P3379 5 22 13 2' 'Z5 A 6.22 -2.42
P4326 3 22 51 2 9 A 6.85 2.15

i979 5 7 2 2 40 A 7.03 2.00
, '44 6 24 11 2 10 A 8.18 2.17
V J533 5 24 47 1 47 A 8.78 1.78
123719 5 24 5 , 11 R 8.87 2.18
r j08 _ _ 9 161 2 17 A 9.27 2.28
Poor 5 26 1l 1 48 A 10.18 1.80
Pj982 _____ 44 471 2 5 R 12.78 2.08
P2907 5 28 52 2 42 A 12.87 2.70
P3426 5 29 40 "2 32 A 13.67 2.53
P390"/ 5 30 12 2 23 A 14.20 2.38
P1593 5 48 10 -1 54 A 16.17 1.90
C0905 5 49 56 2 a A 17.93 2.1u
P1539 1 5 74 47 2 16 A 26.78 2.27
P3395 5 62 11 2 18 A 30.18 2.30
D2365 _____ 1 37 3 35 A 39.62 3.58
P1539 5 1 42 0 5 R 40.70 0.08
P3610 ! 5 1471 16 2 27 A 51.27 2.45
P4066 6, 1 37 0 2 R 1.62 0.03

F1l ___ 6 2 30 0 5 R 2.50 0.08
"--_-_2 _ 6 2 47 0 37 R 2.78 0.62
P1631 6 20 21 2 16 A 4.35 2.27
P3233 5 20 49 2 13 A 4.82 2.22
P1420 6 20 51 1 49 A 4.85 1.82
0359 6 21 30 2 12 A 5.50 2.20
P556 6 5 52 0 56 R 5.87 0.93
P3954 _ _6 21 59 1 48 A 5.98 1.80
P1287 6 6 18 2 2 A 6.30 2.03
P3471 6 22 39 0 49 R 6.65 082
"'3274 6 23 7 1 59 A 7.12 1.98W P766 6 23 13 2 20 A 7.22 2.33
rP8. 6 23 59 2 2 A 7.98 2.03
P1335 6 25 3 2 7 A 9.05 2.12
P2212 6 9 30 2 2 A 9.50 2.03
P1592 6 25 49 1 53 A 9.82 1.88
P3065 6 26 5 2 341 A 10.08 2.57
P2511 6 26 26 2 36 A 10.43 2.60
P884 -9 26 30 .0 59 R 10.50 0.98
P2491 6 27 19 2 25 A 11.32 2.42
1P251, 6 27 23 2 56 A 11.38 2.93
P83 IT 6 "27 30 2 36 A 11.50 2.60
P1856 A. 27 41 2 25 A 11.68 2.42
P1500 6 27 51 2 17 A 11.85 2.28
P478 6 27 53 2 20 R 11.88 2.33
P124 6 28 2 1 55 A 12.03 1.92
P28 4 6 28,' 52 2 21 A 12.87 2.35
P1880 6 471 38 1 56 A 15.63 1.93
P3104 6 471 42 1 57 A^ 15.70 1.95
P846 61 481 8 2 23 A 16.13 2.38
P978 6 481 50 2 45 A '6.83 2.75
P1880 6 491 9 1 46 R 17.15 1.77
P907 B _ 73 24 2 36 A 25.40 2.60
P884 6 59 55 _ 51 A 27.92 1.85
P3593 6 96 10 2 7 7 R 32.17 2.12
P3719 7 3 26 01 - A 3.43 0.10
P3583 7 5 5 0 01 A 5.08 0.00
P3419 7 212 3 A 5.37 2.05
P331 7 21 36 1 51 A 5.60 1.85
P729 7 5 56 0 1 R 5.93 0.02
P1630 7 61 '- 2 38 A 6.53 2.60
P3176 7 22i 361 2 29 A 6.60 2.48
P347 7 231 18 0 53 R 7.30 0.88
P3108 7 231 481 2 - 48 A 7.90 2.80
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180 FINAL TEST DATA(S4)

P746 7 7-- 53 1 33 R 7.88 -- 1.55'
" P545 7 8 13 3 42 -A 8.22 3.70

P2909 7 8 23 2 10 A 8.38 2.17
P2301 7 24 46 -.1 39 R 8.77 1.65
P2318 7 25- 34 2 34 A 9.57 2.57
P140 7 25 39 21 17 A 9.65 2.28
P2590 7 27 14 3 38 A 11.23 3.63
P1758 7 49 25 2 14 A 17.42 2.23
Pool 7- 49 42 2 28 A 17.70 2.47
P3288 7, 49 53 2 21 A 17.88 2.35
P0611 7 125 13 5 44 A 45.22 5.73
P2212 8 2 37 1 6 R 2.62 1.10
P2350 8 20 12 2 58 A 4.20 2.97
P2511 8 5 10 1 2 R 5.17 1.03
P905 8 7 1 2 17 A 7.02 2.28
P334 8 7 37 2 26 A 7.62 2.43
P335 a 23 47 2 48 A 7.78 2.80
Pool 8 23 55 0 39 R 7.92 0.65
P4066 8 24 49 3 8 A 8.82 3.13
P1877 8 25 11 3 17 A 9.18 3.28
P3896 8 9 22 . 2 33 A 9.37 2.55
P3789 8 25 52 3 38 A 9.87 3.63
P1510 8 11 32 2 48 A 11.53 2.80
P3398 8 33 24 2 16 A 17.40 2.27
P174 8 75 27 2 59 A 27.45 2.98
P1880 9 1 10 0 3 R 1.17 0,05
Pool 9 1 11 0 -1 R 1.18 0.02
P3036 9 17 32 2 2 A 1.53 2.03
P2502 9 17 37 2 21 A 1.62 2.35
P3426 9 3 8 0 12 R 3.13 0.20
P905 9 3 33 3 30 R 3.55 3.50
P164 9 3 51 1 57 A 3.85 1.95
P4071 9 4 48 2 12 A 4.80 2.20
P558 9 4 51 0 3 R 4.85 0.05
P3695 9 5 22 1 48 A 5.37 1.80
P281 9 21 46 2 24 A 5.77 2.40
P4090 9. 5 52 2 6 A 5.87 2.10
P2544 _9 555 2 8 A 5.92 2.13
P1036 9 6 6 2 4 A 6.10 2.07
P964 -9 -6 30 2 _8 A 6.50 2.13
P3057 9 7 21 2 22 A 7.35 2.37
P3217 9 7 25 2 37 A 7.42 2.62
P2617 9 23 43 1 51 A 7.72 1.85
P2216 9 23 55 2 0 A 7.92 2.00
P3140 9 26 1 1 48 A 10.02 1.80
P2867 9 28 1 2 59 A 12.02 2.98
P3363 9 28 30 2 17 A 12.50 2.28
P3911 9 29 34 2 29 A 13.57 2.48
P0611 9 49 38 1 48 R 17.63 1.80
P1979 9 93 57 3 51 A 29.95 3.85
P3881 9 101 9 2 25 A 37.15 2.42
P472 9 143 10 2 37 A 47.17 2.62
P3646 10 0 13 0 2 R 0.22 0.03
P140 10 3 28 0 41 R 3:47- 0.68
P1539 10 20 44 0 10 R 4.73 0.17
P3010 10 21 27 2 44 A 5.45 2.73
P1982 10 6 1 0 2 A 6.02 0.03
P3646 10 22 26 2 55 A 6.43 2.92
P1339 __ _231 52 2 37 A 7.87 2.62
P1427 1024 19 --7,3 13 A 8.32 3.22
P347 10 24 59 2 37 A 8.98 2.62
P2121 10 25 16 3 48 A 9.27 3.80
P3655 10 25 27 252 45 A 9.45 2.75
P2212 10 25 33 1 12 R 9.55 1.20
P2458 10 27 1 2-. A 11.02 2.70

P1015 1 101 471 19 2 25 1J 5.32 7-2.42
P0190 10 69 22 2 471 A 21.37- 2.78
P3363 10 391 13 1_ 121 R [ 23.22 1 1.20
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180 FINAL TEST DATA(S4)

P4221 10 40 45 2 34 R- 24.75 2.57
" P3743 10 74 57 3 28 A 26.95 3.47

P140' 10 97 28 0 41 R 33.47 0.68
P0322 10 120 25 3 51 A 40.42 3.85
P608 11 0 51 0 6 R 0.85 0.10
P4066 11 1 25 0 3 R 1.42 0.05
P478 11 1 46 0 1 R 1.77 0.02
P1631 11 2 s15 0 51 R' 2.25 0.85
P1880 11 2 40 0 1 R 2.67 0.02
P3774 11 2 46 1 39 A 2.77 1.65
P1397 11 2 56 2 4 A 2.93 2.07
P884 11 3 6 0 33 R 3.10 0.55
P2909 11 3 14 0 11 R 3.23 0.18
P3057 11 3 20 01 2 R 3.33 0.03

P1345 11 3 26 1 53 A 3.43 1.88

P2463 11 3 52 1 56 A 3.87 1.93

P3752 11 20 23 2 22 A 4.38 2.37
P0288 111 4 41 1 41 A 4.68 1.68
P1774 11 4 48 1 58 A 480 1.07
P0711 11 4 53 1 47 A 4.88 1.78
P3371 11 5 6 2 19 A 5.10 2.32
P3716 11 _ 5 12 1 57 A 5.20 1.95
P3395 11 5 13 0 16 R 5.22 0.27
P2838 11 21 56 2 42 A 5.93 2.70
P2789 11 6 44 2 4 A 6.73 2.07
P3471 11 26 56 1 50 A 6.93 1.83
P4221 11 23 13 0 33 R 7.22 0.55,
P3784 11 7 22 1 58 A 7.37 1.97
P1989 11 23 28 1 58 A 7.47 1.97
P897 11 23 48 1 53 A 7.80 1.88
P4074 11 8 11 1 52 A 8.18 1.87
P2298 11 24 25 3 9 A 8.42 3.15
P2909 11 24 36 0 32 R 8.60 0.53
P175 11 24 57 2 2 A 8.95 2.03
P558 11 26 56 2 3 A 10.93 2.05
P3255 11 27 14 2 20 A 11.23 2.33
P3792 11 30 3 2 2 A 14.05 2.03
P0190 11 14 13 0 4 R 14.22 0.07
P3851 11 35 5 1 48 A 19.08 1.80
P4316 11 70 23 2 8 A 22.38 2.13
P578 -11 38 58 2 24 A 22.97 2.40
P578 11 39 5 4 48 A 23.08 4.80
P4221 11 74 2 2 37 A 26.03 2.62
P1889 11 94 43 3 7 A 30.72 3.12
P2177 11 94 43 1 54 A 30.72 1.90
P3934 11 119 34 2 20 A 39.57 2.33
P478 12 7 37 0 0 A 7.62 0.00
P2507 _ _2 28 21 2 36 A 12.35 2.60
P978 5 546 7 1 CELL TIME COMP. TIME

TOTAL: AVERAGE 11.41 1.99
I STAND. DEV. 9.72 1.00

REJECTS: AVERAGE
-STAND. DEV. .-- u.4

ACCEPTS: AVERAGE --11-.
STAND. DEV. .

CELL # COUNT AVERAGE STAND. DEV. TOTAL TIME
5 21 16.60 13.36 348.57
6 36 10.95 6.78 394.37
7 20 10.78 9.11 215.57
8 14 9.71 6.19 135.93
9 27 10.06 11.09 271.60
10 20 13.81 10.88 27625
11 42 9.87 9.26 414.47
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397 FINAL -TEST DATA(S4) ( -s- ,-Q -

TOTAL CELL TIME' COMPUTER RUN TiME CORRECTED
SERIAL NUM. TEST CELL HOURS MINUTES HOURS MINUTES STATUS CELLTIME COMP. TIME
P30525 5 2 - 25 0 4 R 2-.42 0.07
P30545 5 2 53 0 14 R 2.88 0.23
P30223 5 19 0 2 38 A 3.00 2.63
P30320 5 19 52 2 36 A 3.87 2.60
P30074 5 3 55 0 27 R 3.92 0.45,
P30257 5 21 0 2 35 A 5.00 2.58
P30627 5 21 38 3 5 A 5.63 3.08
P31519 5 6 2 1 57 A 6.03 1.95
P30976 5 22 48 2 30 A 6.80 2.50
P31102 5 7 14 2 9 A 7.23 2.15
P31364 5 24 11 2 211 A 8.18 2.35
P30346 5 24 12 2 29 A 8.20 2.48
P30464 5 8 32 2 31 A 8.53 2.52
P31464 5 24 33 2 28 A 8.55 2.47
P31040 5 24 34 2 23 R 8.57 2.38
P30416 5 9 9 2 59 A 9.15 2.98
P30447 5 25 31 3 1 A 9.52 3.02
P19753 5 26 18 2 49 R 10.30 2.82
P30712 5 10 47 1 58 A 10.78 1.97
P19709 5 _ 26 52 --2 24 R 10.87 2.40
P31373 5 43 29 2 51 A 11.48 2.85
P30058 5 28 17 2 19 A 12.28 2.32
P31359 5 28 37 2 20 A 12.62 2.33
P30498 5 28 42 4 2 A 12.70 4.03
P30183 5 29 43 2 29 A 13.72 2.48
P30009 5 73 26 3 6 A 25.43 3.10
P19753 5 95 48 1 28 R 31.80 1.47
P30719 5 95 59 2 9 A 31.98 2.15
P19782 5 146 18 2 33 A 50.30- 2.55
P30110 6 -- 1 8 0 4 R 1.13 0.07
P30976 6 1 30 0 0 R 1.50 0.00
P31104 6 18 8 1 52 A 2.13 1.87
P30957 6 19 3 2 8 A 3.05 2.13
P30110 6 19 11 2 42 A 3.18 2.70
P19757 6 19 20 2 32 A 3.33 2.53
P24541 6 3 24 0 0 5 R 3.40 0.08
P30036 61 3 56 0 0 1 R 3.93 0.02
P30309 6 4 33 2 9 A 4.55 2.15
P30309 6 4 33 0 1 R 4.55 0.02
P30893 6 4 55 0 0 2 R 4.92 0.03
P19712 6 21 3 2 3 A 5.05 .. 05
P30615 6 21 13 2 16 A 5.22 2.27
P30520 6 21 20 3 4 A 5.33 3.07
P31343 6 21 27 2 42 A 5.45 2.70
P31216 6 5 45 2 44 A 5.75 2.73
P31274 6 21 57 2 9 A 5.95 2.15
P30043 6 22 21 3 9 R 6.35 3.15
P31102 6 6 23 0 47 R 6.38 0.78
P19737 6 22 26 0 34 R 6.43 0.57
P31445 6 6 28 1 59 A 6.47 1.98
P30864 6 6 37 2 22 A 6.62 2.37
P30205 6 23 1 2 50 A 7.02 2:.3
P30016 6 23 5 2 19 A 7.08 2.32
P30193 6 7 23 2 37 A 7.38 2.62
P30074 6 7 26 2 11 A 7.43 2.18
P30172 6 23 30 2 34 A 7.50 2.57
P31267 6 24 7 2 51 A 8.12 2.85
P31282 6 8 9 2 33 A 8.15 2.55
P31452 6 8 14 2 11 A 8.23 2.18
P30355 6 8 18 2 24 A 8.30 2.40
P19762 6 24 26 2 13 A 8.43 2.22
P30764 6 24 26 2 52 A 8.43 2.87
P30924 6 24 34 2 39 A 8.57 2.65
P30486 6 24 39 21 59 8.65 2.98
P31147 6 8 40 2 59 A 8.67 2.98
P19725 6 25 12 2 381 A 9.20 2.63
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397 FINAL TEST DATA(S4)

P30905- 6 9 12 3 3 A 9.20 3.05
P24511 6 25 36 2 31 A 9.60 2.52
P30525 6 9- 55 - 2 50 A 9.92 2.83
P19737 6 26 15- 2 15 A 10.25 2.25
P31065 6 26 26 2 25 A 10.43 2.42
P30959 6 26 30 4 - 0 A 10.50 4.00
P30029 6 27 3 2 59 A 11.05 2.98
P19761 6 29 5 2 28 A 13.08 2.47
P30591 6 46 9 3 54 A 14.15 3.90
P31102 6 47 13 0 . 39 R 15.22 0.65
P3069". 6 47 42 2 55 A 15.70 2.92
P31129 6 48 0 3 20 A 16.00 3.33
P30297 6 16 13 0 28 R 16.22 0.47
P31496 6 511 2 2 25 A 19.03 2.42
P31460 6 54 20 2 28 A 22.33 2.47
P30491 6 38 51 3 39 A 22.85 3.65
P30205 6 71 25 2 23 A 23.02 2.38
P19713 6 72 56- 2 28 A 2#.93 2.47
P30403 6 75 31 4 15 A 27.52 4.25
P30588 6 97 13 3 54 A 33.22 3.90
P30503 6 118 41 2 59 A 38.68 2.98
31P5562 7- 0 -_ 0 .. 1 R 0.07 0.02
P30437 7 18 22 2 13 A 2.37 2.22
P31304 7 4 36 0 35 R 4.60 0.58
P30498 7 21 25 0 3 R 5.42 0.05
P30847 7 5 so 0 45 R 5.83 0.75
P30601 7 23 29 2 20 A 7.48 2.33
P30525 7 23 39 0 6 R 7.65 0.10
P31224 7 23 48 2 25 A- 7.80 2.42
P30335k' 7 24 23 2 34 A 8.38 2.57
P31142 7 24 32 2 19 A 8.53 2.32
P30335 7 24 48 0 0 R 8.80 0.00
P30531 7 26 26 3 9 A 10.10 .3.15(O P30610 7 26 29 2 44 A 10.48 2.73
P31519 7 27 33 2 12 R 11.55 %.20
P30239 7 43 56 3 2 A 11.93 3.03
P30393- 7 45 47 3 34 A 13.78 3.57
P30498 7 46 58 1 42 R 14.97 1.70
P30758 7 72 14 3 4 A 24.23 3.07
P30693 7 - 95 59 3 59 A 31.98 3.98
P30122 7 119 57 2 38 A 39.95 2.63
P30545 8 17 39 3 11 A 1.65 3.16
P19712 8 1 56 0 44 R 1.93 0.73
P30662 8 2 8 0 26 R 2.13 0.43
P30122 8 2 10 0 2 R 2.17 0.03
P24541 8 2 13 0 6 R 2.22 0.10
P30715 8 2 23 0 12 R 2.38 0.20
P31102 8 2 33 0 28 R 2.55 0.47
P19762 8 2 37 0 4 R 2.62 0.07
P30285 8 19 6 3 5 A 3.10 3.08
P31304 8 19 7 2 22 A 3.12 2.37
P30302 8 19 11 3 4 A 3.18 3.07
P31326 - 8 20 10 3 53 A 4.17 3.88
P19712 8 4 16 0 56 R 4.27 0.93
P30435 8 4 28. 0 55 R 4.47 0.92
P19748 8 4 29 1 24 R 4.48 1.40
P30662 8 20 31 3 24 A 4.52 3.40
P30721 8 20 39 2 44 A 4.65 2.73
P30031 8 4 59 2 4 A 4.98 2.07
P30353 8 5 3 3 12 A 5.05 3.20
P30339 8 21 4 2 29 A 5.07 2.48
P31325 8 21 6 0 55 R 5.10 0.92
P31512 8 5 25 2 43 A 5.42 2.72
P30461 8 21 31 3 42 A 5.52 3.70
P30857 8 21 39 2 31 A 5.65 2.52
P30895 8 5 54 2 34 A 5.90 2.57
P24536 8 21 55 3 31 A 5.92 3.52
P10981 8 5 55- 21 39 A 5.92 2.65
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397 FINAL TEST DATA(S4)

P30715 8 -6 5 2 25 A 6.08 2.42
P30318 8 22 10 ___ -2 36 A 6.17 2.60
P30403 8 6 11 1 9 R 6.18 1.15
P31302 8 6 15 2- 26 A 6.25 2.43
P31215 8 22 23 2 55 A 6.38 2.92
P30333 8 6 30 2 46 A 6.50 2.77
P31047 8 6 31 2 32 A 6.52 2.53
P31291 8 6 38 2 40 A 6.63 2.67
P31325 8 6 38 3 23 A 6.63 3.38
P30598 8 23 0 3 0 A 7.00 3.00
P30567 8 23 A 2 53 A 7.07 2.88
P30755 8 23 12 2 25 A 7.20 2.42
P31459 8 23 .26 2 20 A 7.43 2.33
P30422 8 7 46 2 44 A 7.77 2.73
P30715 8 23 56 -3 26 R 7.93 3.43
P30913 8 24 _ 2 3 11 A 8.03 3.18
P31118 8 24 22 3 7 A 8.37 3.12
P30090 8 24 27 2 14 A 8.45 2.23
P31380 8 24 32 2 45 A 8.53 2.75
P30733 8 24 47 2 58 A 8.78 2.97
P30949 8 251 38 3 10 A 9.63 3.17
P30480 8 -25 59 2 32 A 9.98 2.53
P30957 8 26 6 1 46 R 10.10 1.77
P30847 8 26 44 _ 2 22 A 10.73 2.37
P31461 8 10 58 3 39 A 10.97 3.65
P19978 8 27 24 3 24 A 11.40 3.40
P30816 8 29 15 3 39 A 13.25 3.65
P31478 8 47 25 2 43 A 15.42 2.72
P31277 8 15 49 2 34 A 15.82 2.57
P31330 8 16 31 -2 23 A 16.52 2.38
P30290 8 52 54 3 43 A 20.90 3.72
P31102 8 71 8a 0 38 R 23.13 0.63
P30378 8 72 33 3 29 A 24.55 3.48
P30308 8 72 54 2 48 A 24.90 2.80
P30756 9 1 5 0 1 R 1.08 0.02
P31343 9 2 9 ° 0 12 R 2.15 0.20
P31229 9 18 59 2 45 A 2.98 2.75
P31192 9 3 10 0 0 A 3.17 0.00
P30331 9 3 15 0 7 R 3.25 0.12
P31146 9 3 15 2 20 R 3.25 2.33
P30464 9 3 22 0 5 R 3.37 0.08
P31040 9 19 59 3 37 A 3.98 3.62
P30993 9 20 27 2 19 A 4.45 2.32
P30802 9 4 44 2 5 A 4.73 2.08
P30290 9 5 10 0 2 R 5.17 0.03
P30396 9 5 16 2 8 A 5.27 2.13
P24505 9 21 24 2 58 A 5.40 2.97
P30547 9 5 25 2 10 A 5.42 2.17
P30525 9 5 28 0 2 R 5.47 0.03
P31431 9 5 28 2 19 A 5.47 2.32
P31016 9 21 40 3 29 A 5.67 3.48
P30196 9 5 45 2 3 A 5.75 2.05
P3" 9 5 47 2 36 A 5.78 2.60
P30345 9 21 53 1 52 A 5.88 1.87
P30719 9 21 58 0 37 R 5.97 0.62
P30232 9 6 4 2 0 A 6.07 2.00
P30893 9 22 13 -2 31 A 6.22 2.52
P30570 9 6 16 2 23 A 6.27 2.38
P31510 9 6 17 2 30 A 6.28 2.50
P30669 9 6 23 2 19 A 6.38 2.32
P30304 9 6 24 21 15 A 6.40 2.25
P30505 9 6 28 2 26 A 6.47 2.43
P30505 9 6 28 2 26 A 6.47 2.43
P30829 9 6 28 2 44 A 6.47 2.73
P30218 9 22 36 2 34 A 6.60 2.57
P31218 9 22 37 2 55 A 6.62 2.92
P31003 9 6 46 1 48 A 6.77 1.80
P30811 9 6 49 2 131 A 6.82 2.22
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397 FINAL TEST DATA(S4)

P30358 9 6 51 2 3 A 6.85 2.05
' P30083 9 7 11 2 41 A 7.18 2.68

P31333 9 23 13 1 56 A 7.22 1.93
P31064 9 23 16 2 33 A 7.27 2.55
P31511 9 23 23 2 10 A 7.38 2.17
P30104 9 .23- 29 4 35 A 7.48 4.58
P30001 9 23 48 2 29 A 7.80 2.48
P30995 9 23 51 3 0 A 7.85 3.00
P30481 9 23 59 2 22 A 7.98 2.37
P30633 9 24 6 1 56 A 8.10 1.93
P30972 9 24 10 2 23 A 8.17 2.38
P31300 9 8 20 3 20 A 8.33 3.33
P19753 -9 24 27 2 1 A 8.45 2.02
P30932 9 24 29 2 35 A 8.48 2.58
P31480 9 24 33 2 40 A 8.55 2.67
P30632 9 24 56 2 38 A 8.93 2.63
P30641 9 25 11 2 30 A 9.18 2.50
P24506 9 26 0 2 26 A 10.00 2.43
P31423 9 26- 3 2 37 A 10.05 2.62
P31171 9 26 47 1 48 A 10.78 1.80
P30014 9 27 2 1 47 A 11.03 1.78
P30915 9 27 12 4 21 A 11.20 4.35
P30777 9 27 45 2 20 A 11.75 2.33
P24516 9 28 13 _ 2 20 A 12.22 2.33
P30695 9 30 10 4 1 A 14.17 4.02
P30965 9 47 58 2 23 A 15.97 2.38
P30380 9 16 22 2 17 A 16.37 2.28
P30294 9 49 9 2 27 A 17.15 2.45
P30671 9 67 39 2, 23 A 19.65 2.38
P31463 9 70 55 0 9 R 22.92 0.15
P19757 9 72 23 0 43 R 24.38 0.72
P30375 9 75 29 1 47 A 27.48 1.78
P30010 9 95 31 1 56 A 31.52 1.93. P31266 9 101 27 2 26 A 37.45 2.43
P24541 10 17 35 0 14 R 1.58 0.23
P31138 10 1 39 0 4 R 1.65 0.07
P30453 10 3 48 0 3 R 3.80 0.05
P19721 10 20 54 3 1 A 4.90 3.02
P3089 10 21 9 0 27 R 5.15 0.45
P31284 10 5 46 2 43 A 5.77 2.72
P30346 10 5 54 0 52 R 5.90 0.87
P30036 10 22 1 3 2 58 A 6.22 2.97
P19709 10 22 17 0 0 A 6.28 0.00
P30875 10 22 17 3 23 A 6.28 3.38
P30850 10 6 54 2 35 A 6.90 2.58
P30644 10 7 0 2 44 A 7.00 2.73
P30242 10 7 20 3 4 A 7.33 3.07
P30636 10 23 58 2 54 A 7.97 2.90
P31377 10 8 44 3 19 A 8.73 3.32
P30331 10 8 47 1 39 R 8.78 1.65
P31498 10 25 2 2 31 A 9.03 2.52
P30331 10 9 52 3 18 R 9.87 3.30
P31138 10 9 58 3 9 A 9.97 3.15-
P30594 10 25 59 3 29 A , 9.98 3.48
P31196 10 10 2 3 8 A I 10.03 3.13
P30636 10 26 14 0 42 R 10.23 0.70
P30043 10 261 27 2 10 A 10.45 217
P30199 10 441 35 3 1 A 12.58 3.C?
P30419 10 47 48 4 11 A 15.80 4.18
P30403 10 50 28 2 56 A I 8.47 2.93
P30309 10 70 27 1 5 R 22.45 1.08
P30425 10 72 8 2 49 A 24.13 2.82
P30068 10 97 12 3 25 A 33.20 3.42
P30756 10 122 28 3 21 R 42.47 3.35
P30644 10 112 29 1 46 R 48.48 0.77
P30464 11 1 9 0 2 R 1.15 0.03
P19748 11 1 151 0 7 R 1.25 0.12

P24505 11 1 371 0 34. R 1.62 0.57
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397 FINAL TEST-DATA(S4)

P31007 11 1 52 ____0 9 R 10-87 - 0.15
P30671 11 2 2 0-- 17 R 2.03 0.28
P30924 11 2 47 0 24 R 2.78 0.40
P30671 11 2 54 0 23 R 2.90 0.38
P30498 11 2 56 -0 12 R 2.93 0.20
P19766 11 19 2 2 57 A 3.03 2.95
P30670 11 3 33 2 32 A 3.55 2.53
P31187 11 3 36 1 59 A 3.60 1.98
P31398 11 3 36 1 43 A 3.60 1.72
P30897 11 19 44 2 36 A 3.73 2.60
P30227 11 19 48 1 51 A 3.80 1.85
P31139 11 3 53 2 9 A 3.88 2.15
P30604 11 19 55 2 14 A 3.92 2.23
P30994 11 4 17 2 0 A 4.28 2.00
P30069 11 4 20 2 23 A 4.33 2.38
P31400 11 4 25 1 48 A 4.42 1.80
P30242 11 4 39 1 40 R 4.65 1.67
P30507 11 20 55 2 13 A 4.92 2.22
P30493 11 5 2 2 2 A 5.03 2.03
P31325 11 5 9 0 5 R 5.15 0.08
P24504 11 5 26 2 29 A 5.43 2.48
P31202 11 5 33 2 50 A 5.55 2.83
P30296 11 5 46 2 29 A 5.77 2.48
P31007 11 5 50 2 211 A 5.83 2.35
P30420 11 6 27 2 35 A 6.45 2.58
P30846 11 6 34 2 34 A 6.57 2.57
P30036 11 22 42 3 9 R j 6.70 3.15
P31088 11 7 32 2 27 A 7.53 2.45
P30924 11 241 6 0 11 R I 8.10 0.18
P24509 11 24 21 2 11 A 8.35 2.18
P31216 11 24 21 1 56 R 8.35 1.93
P30167 11 26 34 2 43 A 10.57 2.72
P30756 11 10 38 2 41 A 10.63 2.68
P31019 11 26 50 0 28 R 10.83 0.47
P31482 11 28 12 2 21 A 12.20 2.35
P30661 11 66 46 1 401 A 18.77 1.67

P31224 11 69 39 1 91 R 1 1.65 1.15P31102 11 70 18 0 381 R 22.30 0.63
P30783 11 25 1 58 A _ 27.42 1.97
P30196 11 91 29 2 39 A j 27.48 2.65
P31114 11 91 47 0 41 R 27.78 0.68
P30982 11 94 14 3 56 A 30.23 3.93
P31463 11 114 29 4 O A 34.48 4.00
P31146 11 1171 47 5 391 A 1 37.78 5.65
P30390 12 10 28 2 61 A 1 10.47 2.10

I CELLTIME COMP.TIME
TOTAL: AVERAGE 9.83 2.20

STAND. DEV. 8.31 ".08

REJECTS: AVE-RAGE

SACCEPTS: fAVERAGE 1
-. STAND.-DEV.

_____________ ______ CELL # COUNT AVERAGE STAND. 0EV. TOTAL TIME
5 29 11.78 I 10.50 341.75
6 58 10.26 7.72 595.15
7 20 11.80 I 9.76 235.92

1861 , 7.69 , 5.35 46%.33
968 9.07 , 6.71 616.77

10 31 12.30 11.13 381.'40
11 47 9.47 1 9.58 445.20
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180 FINAL TEST DATA(S3)

TOTAL CELL TIME COMPUTER RUN TIME CORRECTED
SERIAL NUM. TESTCELL HOURS MINUTES HOURS MINUTES STATUS CELLTIME COMP. TIME
P3036 9 17 32 2 2 A 1.53 2.03
P2502 9 17 37 2 21 A 1.62 2.35
P3774 11 2 46 1 39 A 2.77 1.65

P1397 11 2 56 2 4 A 2.93 2.07
P1345 11 3 26 1 53 A 3.43 1.88
P3719 7 3 26 0 6 A 3.43 0.10
P995 5 19 28 2 --18 A 3.47 2.30
P528 5 19 33 2 31 A 3.55 2.52
P164 9 3 51 1 57 A 3.85 1.95

P2463 11 3 52 1 56 A 3.87 1.93

P2350 8 20 12 2 58 A 4.20 2.97
P1631 6 20 21 2- 16 A 4.35 2.27
P3752 11 20 23 2 22 A 4.38 2.37
P0288 11 4 41 1 41 A 4.68 1.68
P1774 11 4 48 1 58 A 4.80 1.97
P4071 9 4 48 2 - 121 A 4.80 2.20
P3233 6 20 49 2 131 A 4.82 2.22
P1420 6 20 51 1 491 A 4.85 1.82
P0711 11 4 53 1 47 A 4.88 1.78
P3583 7 5 5 0 0 A 5.08 0.00
P3371 11 5 -6 2 19 A 5.10 2.32
P3716 11 5 12 1 57 A 5.20 1.95
P3419 7 21 22 2 3 A 5.37 2.05
P3695 9 5 22 1 48 A 5.37 1.80
P3010 10 21 27 2 44 A 5.45 2.73
P359 6 21 30 2 12 A 5.50 2.20
P3301 7 21 36 1 51 A 5.60 1.85
P281 9 21 46 2 24 A 5.77 2.40
P4090 9 5 52 2 6 A 5.87 2.10
P2544 9 5 55 2 8 A 5.92 2.13
P2838 11 21 56 2 42 A 5.93 2.70O P3951 6 21 59 1 48 A 5.98 1.80
P1982 10 6 1 0 2 A 6.02 0.03
P1036 9 6 6 2 4 A 6.10 2.07
P3379 5 22 13 2 25 A 6.22 2.42
P1287 6 6 18 2 2 A 6.30 2.03
P3646 10 22 26 2 55 A 6.43 2.92
P964 9 6 30 2 8 A 6.50 2.13
P1630 7 61 32 2 36 A 6.53 2.60
P3176 7 21 36 2 29 A 6.60 2.48
P2789 11 6i 44 2 4 A 6.73 2.07
P4326 5 22 51 2, 9 A 6.85 2.15
03471 11 6 56 1 50 A 6.93 1.83
P905 8 7 1 2 17 A 7.02 2.28
P979 5 7 2 2 0 A 7.03 2.00
P3274 6 23 7 1 59 A 7.12 1.98
P766 6 23 1 2 20 A 7.22 2.33
P3057 9 7 21 2 22 A 7.35 2.37
P3784 11 7 22 1 58 A 7.37 1.97

P3217 9 7 25 2 37 A 7.42 2.62
P1989 11 23 28 _ _ ___ 1 58 A 7.47 1.97
P334 8 71 37 2 26 A 7.62 2.43
P478 12 71 37 0 0 A 7.62 0.00
P2617 9 23 43 1 51 A 7.72 1.85

P335 8 23 47 2 48 A 7.78 2.80
P3108 7 23 48 2 48 A 7.80 2.80
P897 11 231 48 1 53 A 7.80 1.88
P1339 10 231 52 2 37 A 7.87 2.62
P2216 9 23 55 2 0 A 7.92 2.00
P487 6 231 59 2 2 A 7.98 2.03
P4074 11 8 11 1 _ 1 52 A 8.18 1.87
P844 5 241 11 2 10 A 8.18 2.17
P545 7 81 13 31 42 A 8.22 3.70
P1427 10 241 19 3 13 A 8.32 3.22
P2909 7 81 23 10 A I 838 2.17
P2298 11 241 25 31 9 A 1 8.42 315
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180 FINAL TEST DATA(S3)

P3533 5 24 47 1 47 __A 8.78 1.78
P4066 8 24 49 3 8 A 8.82 3.13
P175 11 24 57 2 2 A 8.95 2.03
P347 10 24 59 2 37 A 8.98 2.62
P1335 6 25 3 2 7 A 9.05 2.12
P1877 8 25 11 3 17 A 9.18 3.28
P2121 10 25 , 16 3 48 A 9.27 3.80
P608 5 9 _ 16 2 17 A 9.27 2.28
P3896 8 9 22 2 33 A 9.37 2.55
P3655 10 25 27 2 45 A 9.45 2.75
P2212 6 9 30 2 2 A 9.50 2.03
P2318 7 25 34 2 34 A 9.57 2.57
P140 7 25 39 2 17 A 9.65 2.28
P1592 6 25 49 1 53 A 9.82 1.88
P3789 8 25 52 3 38 A 9.87 3.63
P3140 9 26 1 1 48 A 10.02 1.80
P3065 6 26 -5 2 34 A 10.08 2.57
P008 5 26 11 1 48 A 10.18 1.80
P2511 6 26 26 2 36 A 10.43 2.60
P558 11 _ 26 56 2 3 A 10.93 2.05
P2458 10 27 1 2 42 A 11.02 2.70
P2590 7 727 -14 3 38 A 11.23 3.63
P3255 11 27 14 2 20 A 11.23 2.33
P2491 6 27 19 2 25 A 11.32 2.42
P2511 6 27 23 2 56 A 11.38 2.93
P3383 6 27 30 2 36 A 11.50 2.60
P1510 8 11 32 2 48 A 11.53 2.80
P1856 6 27 41 2 25 A 11.68 2.42
P1500 6 27 51 2 17 A 11.85 2.28
P2867 9 28 1 2 59 A 12.02 2.98
P124 6 28 2 1 55 A 12.03 1.92
P2507 12 28 21 2 -36 A 12.35 2.60
P3363 9 28 30 2 17 A 12.50 2.28
P2894 6 28 52 2 21 A 12.87 2.35
P2907 5 28 52 2 42 A 12.87 2.70

P3911 91 29 34 2 29 A 13.57 2.48
P3426 5 _ 29 40 2 32 A 13.67 2.53
P3792 11 30 3 2 2 A 14.05 2.03
P3907 5 30 12 2 23 A 14.20 2.38
P1015 10 47 19 2 25 A 15.32 2.42
P1880 6 47 38 1 56 A 15.63 1.93
P3104 6 47 42 1 57 A 15.70 1.95
P846 6 48 8 2 23 A 16.13 2.38
P1593 5 481 10 1 54 A 16.17 1.90
P978 6 481 50 2 45 A 16.83 2.75
P3398 8 33 24 2 16 A 17.40 2.27
P1758 7 49 25 2 14 A 17.42 2.23
P001 7 491 42 2 28 A 17.70 2.47
P3288 7 49 53 2 21 A 17.88 2.35
P3905 5 _ 49 56 2 8 A 17.93 2.1,3
P3851 11 35 5 1 48 A 19.08 1.80
P0190 10 69 22 2 47 A 21.37 2.78
P4316 1170 23 2 8 A 22.38 2.13
P578 11' 38__ 58 2 24 A 22.97 2.40
P578 111 39 5 4 48 A 23.08 4.80
P907 8 73 24 2 36 A 25.40 2.60
P4221 11 74 2 2 37 A 26.03 2.62
P1539 5 74 47 2 16 A 26.78 2.27
P37 -* 10 74 57 3 28 A 26.95 3.47

P174 8 .. 75 27 2 59 A 1 27.45 2.98
P884 6 59 55 1 51J A . 27.92 1.85
P1979 9 93 57 3511 A 29.95 3.85
P3395 5 62 11 2 181 _A 30.18 2.30
P1889 11 941 43 3 7 A -1 30.72 3.12
P2177 11 941 43 1 54 A 1 30.72 1.90
P3881 9 lo1 9 2 25 A 37.15 2.42
P3934 11 119. 34 2 201 A 39.57 2.33
P2365 5 1191 37 3 35 A + 39.62 3.58"
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180 FINAL TEST DATA(S3)

P0322 10 120 25 3 51 A 40.42 3.85
P P0611 7 125 13 5 44 A 45.22 5.73
P472 9 143 10 2 37 A 47.17 2.62
P3610 5 147 16 2 27 A 51 27 2.45
P3646 10 0 13 0 2 R 0.22 0.03
P608 11 0 51 0 6 R 0.85 0.10
P1880 9 1 10 0 3 R 1.17 0.05
POOl 9 1 11 0 1 R 1.18 0.02
P4066 11 1 25 0 3 R 1.42 0.05
P4066 6 1 37 0 2 R 1.62 0.03
P478 11 1 46 0 1 R 1.77 0.02
P1631 11 2 15 0 51 R 2.25 0.85
P1592 6 2 30 0 5 R 2.50 0.08
P2212 8 2 37 1 6 R 2.62 1.10
P1880 11 2 40 0 1 R 2.67 0.02
P926 6 2 47 0 37 R 2.78 0.62
P884 11 3 6 0 33 R 3.10 0.55
P3426 9 3 8 0 12 R 3.13 0.20
P2909 11 3 14 0 11 R 3.23 0.18
P3057 11 3 20 0 2 R 3.33 0.03
P140 10 3 28 0 41 R 3.47 0.68
P905 9 3 33 3 30 R 3.55 3.50
P1539 10 20 44 0 10 R 4.73 0.17
P558 9 4 51 0 3 R 4.85 0.05
P2511 8 5 10 1 2 R 5.17 1.03
P3395 11 5 13 0 16 R 5.22 0.27
P558 6 5 52 0 56 R 5.87 0.93
P729 7 5 56 0 1 R 5.93 0.02
P3471 6 22 39 0 491 R 6.65 0.82
P4221 11 23 13 0 33 R 7.22 0.55
P347 7 23 18 0 53 R 7.30 0.88
P746 7 7 53 1 33 R 7.88 1.55
POOl 8 23 55 0 39 R 7.92 0.65. P2909 11 24 36 0 32 R 8.60 0.53
P2301 7 ?4 46 1 39 R 8.77 1.65
P3719 5 24 52 2 11 R 8.87 2.18
P2212 10 25 33 1 12 R 9.55 1.20
P884 6 26 30 0 59 R 10.50 0.98
P478 6 27 53 2 20 R 11.88 2.33
P1982 5 44 47 2 5 R 12.78 2.08
P0190 11 14 13 0 4 R 14.22 0.07
P1880 6 49 9 1 46 R 17.15 177
P0611 9 49 38 1 481 R 17.63 1.80
P3363 10 39 13 1 121 R 23.22 1.20
P4221 10 40 45 2 341 R 24-75 2.57
P3583 A 96 10 2 71 R 32.17 2.12
P140 10 97 28 0 411 R 33.47 0.68
P1539 5 120 42 0 5 R 40.70 0.08
P978 5 546j 7 .f CELL TIME COMP. "IME

TOTAL: AVERAGE 11.41 1.99

ISTAND. DEV. 9.72 1.00

REJECTS: IAVERAGE 8.72 0.82
_ ISTAND. DEV. 1 9.29 0.86

_ _ _ _ _ _ _ _ I r _ _ _ _

ACCEPTS: AVERAGE 12.27 2.36
ISTAND DEV 974 072

0
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397 FINAL TEST DATA(S2)

_____TOTAL CELL TIME COMPUTER RUN ThIME CORRECTED ____

SERIAL NUl. TEST-CELL HOURS MINUTES HOURS MINUTES STATUS CELL TIME COMP. TIME
P30545 8 17 39 3 11 A 1.65 3.18
P31104 6 18 8 1 52 A 2.13 1.87
P30437 7 18 22 2 13 A 2.37 2.22
P31229 9 18 59 4512 A 2.98 2.75
P30223 5 19 0 2 A 3.00 2.63
P19766 11 19 2 2 57 A 3.03 2.95
P30957 6 19 3 2 8 A 3.05 2.13
P30285 8 19 6 3 5 A 3.10 3.08
P31304 8 19 7 _ 2 22 A 3.12 2.37
P31192 9 3 10 0 0 A 3.17 0.00
P30110 6 19 11 2 42 A 3.18 2.70
P30302 8 19 11 3 4 A 3.18 3.07
P19757 6 19 20 2 32 A 3.33 2.53
P30670 11 3 33 2 32 A 3.55 2.53
P31187 11 3 36 _1 59 A 3.60 1.98
P31398 11 3 36 1 43 A 3.60 1.72
P30897 11 19 44 2 36 A 3.73 2.60
P30227 11 19 48 1 1 51 A 3.80 1.85
P30320 5 19 52 2 36 A 3.87 2.60
P31139- 11 3 - 53 2 9 A 3.88 2.15
P30604 11 19 55 2 14 A 3.92 2.23
P31040 9 19 59 3 37 A j 3.98 3.62
P31326 8 20 10 3 53 A I 4.17 3.88
P30994 11 4 17 2 0 A 4.28 2.00
P30069 11 4 20 2 231 A 1 4.33 2.38
P31400 11 4 25 1 481 A 4.42 1.80
P30993 9 20 27 2 191 A I 4.45 2.32
P30662 8 20 31 3 241 A J 4.52 3.40
P30309 6 4 33 2 9L A I 4.55 2.15
P30721 8 20 39 2 44 A 4.65 2.73
P30802 9 4 44 2 5 A 4.73 2.08
P19721 10 201 54 _____31 A j 4.90 3.0
P30507 11 20 55 2 13 A 4.92 2.22
P30031 84 59 2 4 A 4.98 2.07
P30257 5 21 0 __2_352 A 5.00 2.58
P30493 11 5 2 2 21 A 5.03 2.03
P19712 6 21 3 __ 2 31 A 1 5.05 2.05
P30353 8 5 3 3 12 A I 5.05 3.20
P30339 8 211 4 2 29 A 5.07 2.48
P30615 6 211 13 2 16 A 5.22 2.27
P30396 91 16 2 8 A 1 5.27 2.13
P30520 6 211 20 3 4 A I 5.33 3.07
P24505 9 21 24 ____ 21 581 A j 5.40 2.97
P30547 95 25 2 101 A 5.42 2.17
P31512 8 5 1 25 2_432 A 15.42 2.72
P24504 11 5Z26 2 29 A 5.43 2.48
P31343 6 21 27 2 421 A 5.45 2.70
P31431 9 51 28 ____ 2- 191 A 1 5.47 2.32
P30461 8 211 31 3 42 A 1 5.52 3.70
P31202 11 jl 33 2 50 A 1 5.55 2.83
P30627 _ 211 38 3 51 A 1 5.63 3.08
P30857 8 21 39 2 311 A 1 5.65 2.52
P31016 9 211 40 3 291 A 1 5.67 3.48
P30196 9 51 45 ___ 2 A1 A 5.75 2.05
P31216 6 51 45 2 441 A 5.75 2.73
P30296 11 51 46 2 291 A 1 5.77 2.48
P31284 10 51 46 2 431 A I 5.77 2.72
P31455 9 5F 47 2 361 A I 5.78 2.60
P31007 11 51 0 2 211 A I 5.83 2.35
P30345 9 211 53 1 52 A I 5.8S 1.87
P30895 8 1 54 2 34 A 5.90 2.57
P24536 8 21T 55 3 311 A 1 5.92 3.52
P30981 8 51 55 2 391 A 1 5.92 2.65
P31274 _____6 21 57 ___ 2 91 A 5.95 2.15
P31519 5 61 2 1 57 A 6.03 1.95
P30232 9 61 4 2 0 A 1 6.07 2.00
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397 FINAL TEST DATA(S2)

P30715 8_8 5 2 251 A 6.08 2.42
' P30318 8 22 10 2 361 A 1 6.17 2.60

P30036 10 22 13 2 581 A 1 6.22 2.97
P30893 9 22 13 2 311 A 1 6.22 2.52
P31302 8 6 15 2 261 A 1 6.25 2.43
P30570 9 6 16 2 23 A 1 6.27 2.38
P19709 10 22 17 0 0 A 6.28 0.00
P30875 10 22 17 3 23 A 6.28 3.38
P31510 9 6 17 2 301 A 6.28 2.50
P30669 9 G 23 2 191 A 6.38 2.32
P31215 8 22 23 2 551 A 6.38 2.92
P30304 9 6 24 2 15 A 6.40 2.25
P30420 11 6 27 21 35 A 6.45 2.58
P30505 9 6 28 2 26 A 6.47 2.43
P30505 9 6 28 2 26 A 6.47 2.43
P30829 9 6 28 2- 44 A 6.47 2.73
P31445 6 6 28 59 A 6.47 1.98
P30333 8 6 30 2 46 A 6.50 2.77
P31047 8 61 31 2 321 A I 6.52 2.53
P30846 11 61 34 2 341 A I 6.57 2.57
P30218 9 221 36 2 341 A i 6.60 2.57
P30864 6 :6: 37 2 221 A T 6.62 2.37
P31218 9 221 37 2 551 A 6 6.62 2-92
P31291 8 6 38 2 401 A 1 6.63 2.67
P31325 8 6 38 3 231 A I 6.63 3.38
P31003 9 6 46 1 481 A I 6.77 1.80
P30976 5 22 48 2 30 A 6.80 2.50
P30811 9 6 49 2 13 A 6.82 2.22
P30358 9 6 51 2 31 A i 6.85 2.05
P30850 10 61 54 2 351 A 1 6.90 2.58
P30598 8 23 0 3 0 A 1 7.00 3.00

P30644 10 71 0 2 44 A I 7.00 2.73
P30205 6 231 1 2 50 A T 7.02 2.83O P30567 8 23 4 2 531 A I 7.07 2.88
P30016 6 231 5 2 191 A I 7-08 2.32
P30083 9 71 11 2 411 A 1 7.18 2-68
P30755 8a 23 12 2 25 A I 7.20 2.42
P31333 9 231 13 1 567 A I 7.22 1.93
P31102 5 71 14 2 91 A 1 7.23 2.15
P31064 9 231 16 2 331 A I 7.27 2.55
P30242 10 7! 20 3 41 A 7.33 3.07
P30193 6: 71 i3 2 371 A 1 7.38 2.62
P31511 9 231 23 2 10) A I 7-38 2.17
P30074 61 71 26 2 111 A 1 743 2.18
P31459 26 231 26 2 201 A I 743 2.33
P30104 9 23! 29 4 351 A I 7.48 4.58
P30601 7 231 29 2 20 A i 748 2.33
P30172 6 231 30 2 341 A I 7.50 2.57
P31088 11 7) 32 2 271 A i 753 2.45
P30422 8 71 46 2 441 A I 7.77 2.73
P30001 9 231 48 2 291 A I 7.80 2.48
P31224 7 231 48 2 25) A I 780 2.42
P30995 9 231 51 3 0) A I 7.85 3.00
P30636 10 23) 58 2 54) A i 797 2.90
P30481 9 231 59 2 221 A I 7-98 2.37
P30913 8 24) 2 3 i1l A i 8.03 3.18
P30633 9 24 6____ 1 56) A 1 8.10 j 1.93
P31267 6 241 7 2 511 A 1 8.12 2.85
P31282 6 81 9 2 331 A i 8.15 2.55
P30972 9 241 10 2 23 A I 8.17 2.38
P31364 5 241 11 _ 2 211 A I 8.18 2.35
P30346 5 241 12 2 291 A 8.20 2.48
P31452 6 81 14 2 ill A 1 8.23 2.18
P30355 6 al 18 2 241 A i 8-30 2.40
P31300 9 81 20: 3 201 A i 8.33 I 333
P24509 11 24 2.1 21 1i l A, 8.35 2.182

P31118 8 241 22 3 71 A 1 8.37 3.12
P30335 7 24) 23 2 34) A I 838 2.57
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397 FINAL TEST DATA($2)-

P19762 - 6 24 2 - 1 A 8.43 222
P30764 6 241 26 2 52 A 8.43 2.87T1739241 22 11 A 8.45 2.02P19753 9247____ ____2A7{ 8.45 2.23
P30090 24 14 .45 2.23
P30932 241 29 351 A I 8.48 2.58
P30464 5 81 2 311 A 8.5312.52
P31142 7j 24F - 321 2 191 A I 8.53 2.32
P31380 8 _ __ 24 2 5 .531275
P31464 5241 33 2 281 A 1 -8.55 3 247
P31480 9 241 33 2 401 A I 8.55 2.67
P30924 6 24 34 2.57 2.65
P30486 6[:_ 241 39 2 59 A 8.65 2.98
P31147 6 81 30 2 591 A 8.67 2.98
P31377 101 81 44 3 191 A 1 8.73 1 3.32
P30733 8 24 47 2 581 A I 8.78 2.97
P30632 9 241 56 2 381 A 8.93 2.63
P31498 10 251 2 2 311 A I 9.03 2.52
P30416 5 91 9 2 591 A I 9.15 2.98
P30641 9 251 11 2 301 A I 9.18 1 2.50
P19725 6 251 121 2 381 A I 9.20 1 2.63
P30905 6 9, 121 3 31 A 1 9.20 1 3.05
P30447 5 25 311 - 3 11 A I 9.52 1 3.02
P24511 6 251 361 2 311 A I 9.60 1 2.52
P30949 8 251 381 3 101 A i 9.63 3.17
P30525 6 99 55 2 501 A 1 9.92 2.83
P31138 10 s9 58 3 91 A 1 9.97 3.15
P30480 8 251 59 2 32 A 1 9.98 2.53
P30594 10 251 59 3 291 A I 9.98 i 3.48
P24506 9 261 0 2 261 A 1 10.00 1 2.43
P31196 10 103 23 3 83 A 1 10.03 | 3.13
P31423 9 261 3 2 371 A 10.05 j 2.62
P30531 7 261 6 3 91 A 10.10 3.15
P19737 6 261 151 21 151 A 1 10.25 225
P31065 6 263 261 21 251 A 1 10.43 3 2.42
P30043 10 263 27 2 101 A 1 10.45 .17
P30390 12 101 28 2 63 A I 10.47 1 2.10
P30610 7 261 29 2 441 A 1 10.48 1 2.73
P30959 3 6 261 301 41 03 A I 10.50 I 4.00
P30167 11 261 341 2 431 A 1 10.57 1 2.72
P30756 11 101 38 2 411 A 1 10.63 j 2.68
P30847 8 261 44 2 221 A 1 10.73 1 2.37
P30712 5 10 47 1 581 A 1 10.78 1 1.97
P31171 9 261 47 1 48 A 1 10.78 1 1.80
P31461 8 101 58 3 391 A 1 10.97 1 3.65
P30014 ! 9 271 21 1 471 A I 11.03 I 1.78
P30029 6 271 3 2 591 A 1~ 11.05 2.98
P30915 9 271 12 4 211 A I 11.20 1 4.35
P19978 8 271 241 3 241 A 1 11.40 1 3.40
P31373 51 431 291 2 5il- A 1 1:1.48 2.9 5
P30777 91 271 45 2 201 A 1 11.75 3 2.33
P30239 7 431 56 3 21 A 1 11.93 3.03
P31482 11 281 12 2 213 A 1 12.20 2.35
P24516 9 281 13 2 201 A 1 12.22 2.33=
P30058 5 281 171 21 191 A 1 12.28 2.32

P30199 [ 10 44 351 3 11 A I 12.58 I 3.02
P31359 5 281 371 2 201 A 1 12.62 2.33
P30498 5 281 421 4 21 A 1 12.70 4.03
P19761 6 291 5 2 281 A I 13.08 1 2.47
P30816 8 291 151 3 391 A I 13.25 1 3.65
P30183 5 291 431 2 291 A 1 13.72 i 2.48
P30393 7 451 47 31 341 A ! 13.78 3.57
P30591 6 46) 9 3 541 A I 14:15I 3.90
P30695 - 301 10 4 1! A I 14.17 4.02
P31478 81 471 25 21 431 A 1 15-42 I 2.72
P30691 61 47s 42 2 551 A I 15.70 1 2.92
P30419 3 103 471 483 41 ill A 1 15.80 A 4.18
P31277 381 151 49 21 341 A 5.82 1 2.57
P30___6 91 471 58 21 231 A 1 15.97 1 2-38
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397 FINAL TEST DATA(,.

P31129 F 4P- 0 3 20 A 16.00 3.33
. P00380 9 16 22 2 17 A 16.37 2.28

P3133 8 1i 31 2 23 A 16.52 2.38
P30294- 91 49 9 2 27 A 1715 2.1
P30403 10 50 28 2 56 A 1847 2.9
P33661 11 66 46 1 40 A 18.77 1.67
P31496 6 51 2 2 25 A 19.03 2.42
P30671 9 67 39 2 23 A 19.65 2.38
P30290 8 52 54 3 43 A 20.90 372
P31460 6 54 20 2 28 A 22.33 -2.47
P30491 6 -___ 51 3 39 A 22.85 3.65
P31)205 6 71 25 2 23 A 23.42 2.38
P3042F 72 8 2 49 A 24.13 2.82
P30758 7 7P 14 3 4 A 24.23 3.07
P30378 8 72 33 3 29 A 24.55 3.48
P30308 8 72 54 - 48 A 24,90 2.80
P19713 6 72 56 2 28 A 2493 2.47
P3509 5 73 26 3 6 A 25.43 3.10
P30783 11 75 25 1 58 A 27.42 1 97
P30196 11 91 29 2 39 A 2748 2.65
P30375 9 75 29 1 47 A 27.48 1.78
P30403 6 -75 31 4 15 A 27.52 4..5
P30982 11 94 14 3 56 A 30.23 3.93
P30010 9 95 31 1 56 A 31.52 1.93
P30693 7 95 59 3 59 A 31.98 3.08
P307i9 __5 95 59 2 ___ 9 A 31.98 2.15

P30068 10 97 12 3 25 A 33.10 3.42
P30588 6 97 13 3 54 A 33.22 3.90
P31463 11 114 29 4 0 A 34.48 4.00
P31266 9 101 27 2 26 A 37.45 2.43
P3114.6 11 117 47 5 39 A 37.78 5.65
P30503 6 118 41 2 59 A 38.68 2.98
P..0122 7 119 57 2 38 P, 39.95 2.63. P19782 5 146 18 2 33 A 50.30 2.55

-\ 31 P5sS2 7 0 0 4 0 1 R 007 0.Cq
P30756 9 1 5 0 1 R 1.08 0.02
P30110 6 1 8 0 4 R 1.13 0.07
P30,'64 11 1 9 0 2 R 1.15 0.03

P19748 11 1 15 0 7 R 1.25 0.12
P30976 6 1 30 0 0 R 1.50 0.00
P24541 10 17 35 0 14 R 1.58 0.23
P24505 11 1 .17 0 34 R 1.62 0.57
P31138 10 1 39 0 4 R 1 65 007
.)31007 11 1 52 0 9 R 1 87 0.15
P19712 8 1 56 0 44 R 193 0.73
P30671 11 2 2 0 17 R 2.03 0.28
P30662 _ _ 2 8 0 26 R 2.13 0.43

_31343 9 2 9 0 12 R 215 020
P3_01=22 8 2 10 0 __ 1 R 2.17 003

.PP4541 8 2 13, 0 6 R f 22 0.10
IP30715 8 2 21 0 12 R 2..8 0.20
P30525 5 2 25 0 4 R 2.42 007

8P311 02_ 8 2 33 0 28 R 2.f-- 0.47
P'9762 8 2 37 0 4 R 2.62 0.07
P30____ 11 21 47 0 24 R 2.78 0.40
P30 45 _0 5 21 53 0 14 R 2-88 0.23
P30r7i 11  2' 54 0 23 R 2.90 0.38
P30498 1 2 56 0 12 R 2.93 0.20
P30331 9_ 3 15 0 7 R 3.25 012
B31146 9 3 15 2 20 R 325 233
P30464 9 3 22 0 51 R 3.37 0.08
P24541 6 3 ?4 0 5 R 3.40 008
P30453 10 3 48 0 3 R 3.80 0.05
P3007. , 5 3 55 0 27 R 392 045
P30036 6 3 56 0 1 R 393 0.02
,P19712 .s 4 16 0 56 R 4.27 0.93

_____04358 4 28 0 55 R 4.47 0.92
P19748 8 4 29 1 24 R 448 140
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397 -4NAL TEST-DATA(S2)

P30309 6 4 33 0 1 R 4.55 0.02-,
P31304 7 4 36 -0 35 R 4.60 0.68
P30242 11 -4 39 1 40 R 4.65 1.67
P30893 6 4 55 0 2 R 4.92 0.03
P31325 . 8 21 6 0 55 R 5.10 0.92
P3089 10 21 9 0 27 R 5.15 0.45
P31325 11 5 9 0 5 R 5.15 0.08
P30290 9 5 10 0 2 R 5.17 0.03
P30498 7 21 25 0 3 R 5.42 0.05
P30525 9 5 28 0 2 R 5.47 0.03
P30847 7 5 50 0 45 R 5.83 0.75
P30346 10 5 54 0 52 R 5.90 0.87
P30719 9 21 58 0 37 R 5.97 0.62
P30403 8 6 11 1 9 R 6.18 1.15
P30043 8 22 21 3 9 R 6.35 3.15
P31102 6 6 23 0 47 R 6.33 0.78
P19737 6 22 26 0 34 R 6.43 0.57
P30036 11 22 42 3 9 R 6.70 3.15
P30525 7 23 39 0 6 R 7.65 0.10
P30715 8 23 56 3 26 R 7.93 3.43
P30924 11 24 6 0 11 R 8.10 0.18
P31216 11 24 21 1 56 R 835 1.93
P31040 5 24 34 2 23 R 8.57 2.38--
P30331 101 8 47 1 39 R 8.78 1.65
P30335 7 24 48 0 0 R 8.80 0.00
P30331 10 9 52 3 18 R 9.87 3.30
P30957 8 26 6 1 46 R 10,10 1.77
P30636 10 26 14 0 42 R 10.23 0.70
P19753 5 26 18 2 49 R 10.30 2.82
P31019 11 26 50 0 28 R 10.83 0.47
P19709 5 26 52 2 24 R 10.87 2.40
P31519 7 27 33 2 12 R 11.55 2.20
P30498 7 46 58 1 42 R 14.97 1.70
P31102 6 47 13 0 39 R 15.22 0.65
P30297 6 16 13 0 28 R 1622 0.47
P31224 11 69 39 1 9 R 21.65 1.15
P31102 11 70 18 0 38 R 22.30 0.63
P30309 10 70 27 1 5 R 22.45 1.08
P31463 9 70 55 0 9 R 2292 0.15
P31102 8 71 8 0 38 R 2313 0.63
P19757 9 72, 23 0 43 R 24.38 0.72
P31114 11 91 47 0 41 R 2778 0.68
P19753 5 95 48 1 28 R 31.80 1 47
P30756 10 122 28 3 21 R 4247 335
P30644 10 112 29 0 46 R 48.48 0.77

CELL TIME COMP.TIME
TOTAL: AVERAGE 9,83 220

STAND. DEV. 8.31 1.08

REJECTS: AVERAGE 8.24 0.80
STAND. DEV. 9.13 0.93

ACCEPTS: AVERAGE 10,36 2.66
STAND. DEV. 7 96 0 63

Pago5 J 75
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Copy of 86 IND.

A B C D E F
I TYPE jTIME METER IJULIAN DATE I _ TYPE ITIME METER
2 1801 4 60131 1 3971 0
3 1801 5 60131 1 3971 0
4 1801 19 60131 397 3
5 180 25 60141 3971 4
6 1801 30 60141 397 4
7 180 39 60151 3971 5
8 180 70 6016F 1 397 7
9 180 83 60161 3971 8
101 180 101 60171 397 8
11 1801 1041 60-171 3971 12
12 1801 1161 60171 3971 12
13 1801 1341 60171 3971 13
14 1801 1401 60211 3971 17
15 1801 150 60211 3971 21
16 1801 1551 6021! 3971 33
17 1801 1581 60211 3971 37
18 180 1621 60231 3971 40
19 1801 1841 60301 1 3971 46
20 1801 1861 60301 I 3971 73
21 1801 197 60311 3971 76
22 1801 203 60351 3971 77
23 1801 225 60351 3971 86
2 4 180 231 60351 3971 86
25 1801 ?521 60351 3971 89
26 1801 2741 60351 3971 99
27 1801 2841 60351 i 3971 102
28 180 299 6037 ] - 3971 103
29 180 3081 60371 1 3971 108
30 180 308 60371 3971 108
31 180 313 6038 3971 113
32 1801 324 60381 397 131
33 1801 3241 6038 1 3971 135
34 180! 324 6038 3971 143
35 1801 324 60491 3971 150
36 1801 326 60491 _ 3971 158
37 1801 330 60491 3971 158
38 180 332 60491 3971 168
39 180 3411 60591 3971 176
40 180 3481 60591 _3971 176
41 180 3531 u0701 -3971 176
42 180 37dI 60701 _3971 180
A3 1801 3971 60701 I 3971 180
44 1801 4061 60711 I 3971 180
45 1801 422! 60711 3971 181
46 1801 4461 60721 - 3971 185

147 1801 4481 60931 3971 193

Page 1



Copy of 86 IND.

* A B C D E F
48 1801 4531 60931 1 3971 194
49 1801 4531 60931 I 3971 198
50 1801 5521 60931 i 3971 207
51 180 5751 60931 1 3971 214
52 180! 603! 60971 1 3971 217
53 1801 6161 60971 I 3971 220
54 1801 6351 60971 1 3971 221
55 180 6471 60971 1 3971 225
56 1801 6571 6097! 1 3911 225
57 180! 6881 61111 i 3971 226
58 1801 6891 61111 I 3971 242
59 180! 6971 6111! I 3971 252
60 1801 708! 61201 1 397! 254
61 180! 7121 61411 1 397 261
62 180! 7181 61531 I 397i 276
63 1801 742! 61531 I 3971 293
64 1801 7501 61531 I 3971 297
65 1801 7831 6153! 3971 322
66 180! 7931 61611 I 3971 359
67 1801 8641 6161! I 3971 360
68 1801 884! 61681 1 3971 363
691 1801 8871 61681 I 3971 373
70 1801 9111 61681 1 3971 373
71 1801 944! 61681 1 3971 388
72 180! 9461 61771 1 3971 422
73 180! 9571 6181! 3971 423

74 180! 9691 61811 1 3971 450
75 1801 10061 61811 3971 460
76 1801 10161 61891 3971 462
771 1801 10661 61981 I 3971 468
78 1801 10681 61981 I 3971 473
79 1801 10871 6198! 3971 477
80 1801 1122! 61981 I 3971 487
81 180! 11251 6198! I 3971 488
82 1801 1128! 62021 I 3971 502
83 180! 1138! 62021 I 3971 522
84 180! 1151! 62021 1 397i 522
85 180! 1171! 62181 I 397. 541
86 180! 1192! 62181 3971 545
87 180! 11921 62181 I ?97J 558
88 180! 1201! 62181 I 397i 581
89 180! 12021 62211 ! 3971 591
90 1801 12061 62211 1 397i 591
91 1801 12341 62211 307i 591
92 1801 1331! 6224) , 39 7 4 610
931 1801 13511 6225- I 397i 619.94I 1801 14131 6227i . 397i 637
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Copy of 86 IND.

__.JL A .. ..B "c D E F

95 A 180 1423 6227 D E 397 637
96 180 1435 6227 397 656
97 180 1446 6232 397 672
9t, 180 1498 6232 397 679
99 180 1505 6232 397 693

1001 180 1508 6238 397 722
101 180 1534 6245 397 726
102 180 1540 6245 397 727
103 180 1541 6245 397 734
104 180 1612 6245 397 736
105 180 1617 6245 397 748
106, 180 1663 6246 397 753
107 180 1681 6247 397 773
108- 180 1733 6247 397 782
109 180 1750 6247 397 796
110 180 1802 6248 397. 803
111 180 1943 6248 3971 814
112 180 1948 6248 397 815
113 180 1957 6251 397 820
114 180 2008 6251 397 824
115 180 2008 6252 397 851
116 180 2066 6258 397 872
117 180 2067 6258 397 876
118 180 2073 6258 397 876
119 180 2136 6259 397 r_84
120 180 2153 6260 397 890
121 180 2153 6260 397 902
122 180 2219 6265 397 904
123 180 2242 6265 397 927
124 180 2252 6265 397 928
125 180 2346 6268 397 931
126 180 2494 6268 397 937
127 180 2507 6270 397 944
128 180 2517 6275 397 956
129 180 2556 6275 397 981
130 180 2557 6275 397 998
131 180 2643 6276 397 1002
132 180 2656 6276 397 1033
133 180 2765 6280 397 1049
134 180 2804 6282 397 1056
135 180 2872 6282 397 1056
136 180 3010 6283 397 1086
137 180 3287 6301 397 1086
138 180 3586 6301 397 1092
1-39 180 3633 6301 397 1147
140 180 3690 6301 397 1149
141 180 3962 6301 397 1152
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Copy of 86 IND.

SA B , C D E F

142 180 4080 6307 397 1171
143 180 4138 6307 397 1173
144 180 4197 6307 _397 1181
145, 180 4288 6316 397 1189
146 180 4400 6316 397 1194
147 180 4482 6316 397 1206
148 180 4622 6321 397 1216
149 180 4961 6321 397 1234

- 150 180 4971 6321 397 1236
151 180 4977 6321 397 1245
152 180 5526 6322 397 1249
153, 180 5856 6322 397 1268
154 180 6163 6328 397 1286
155 180 6808 -6328 397 1301
156 180 7859 6335 397 1313
157 180 9318 6335 397 1314
158 1569.56474 1637.8177 397 1314
159 397 1331
160 397 1366
161 397 1397
162 30 ENTRIES >2500 397 1397
163 i.e. 19% >2500 hrs 397 1410
164 1 397 1429

W165 21 entries >3000 49 entries <500 397 1440
166 i.e. 13% >3000 hrs i.e. 31% <500 hrs 397 1453
167 1_ _ _ 1_397 1495
168 15 entries >4000 75 entries <1000 397 1511
169 i.e. 10% >4000 hrs i.e. 47% <1000 397 1538
170 397 1543
171 min = 4 hrs 397 1582
172 max =9318 hrs 397 1605
173 397 1617
174 397 1633
175 397 1655
176 397 1660
177 397 1740
178 397 1745
179 ,_ 397 1787
180 397 1823
181 397 1849
182 397 1896
183 397 2115
184 397 2283
185 397 2312
186 397 2503
187 397 2591. 188 397 2708
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Copy of 86 IND.

A B _ C D ,'E T
189 397 5303
190 397 6838
191 397 22351
192 905.806842
193
194 6 -entries >2500
195 i.e. 3% >2500
196 1
197 8 entries >2000
198 i.e. 4% >2000
199_
200 23 entries >1500
201 i.e. 12% >1500
202

203 min =0
204 max = 22351
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Copy of -86 IND.

G. H-
I JULIAN DATE
2 6009
3 6009
4 6009
5 6010
6 6010
7 6010
8 6013

-9 6013
10 6013

-11 6013
12 6014
13 6014
14
15 6015
16 6015
17 6015

_1-8 6015
-19 6021

20 6021
21 6022
221 6022

.23 6023
24 6023
25 6023
26 6027
-27 6029
28 6029
29 6029
30 6031
-31 6034
32 6034
-33 6035
34 6035
35 6035
36 6035
37 6037
_38 6037
39 6037
40 6055

-41 6055
42 6055
43 6055
44 6056

-45 6059
46 6059O 47- 6065
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Copy of 86IND.

G H
48 6065
49 6070
50 6070
51 6070
52 6072
53 6072
54 6072
55 6076
56 6076
57 6076
-58 6076
5 9 6077
60 6078
-61 6078
62 6079
63 6083
64 6083
65 6084
66 6093
67 6093
68 6093
69 6097
-70 6097
71 6097
72 6097
73 6099
74 6099
-75 6099
76 6111
77 6111
78 6111
79 6118
80 6118
81 6118
82 61-19
83 6119
84 6120
85 6120
86 6120
87 6153
88 6153
89 6153_
90 6153
91 6161
92 6161
93 6163
94 6163 _
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Copy of 86 IND.

* Z G G
95 6164
96 6169
97 6169
98 6169-

-99 6170
100 6171
101 6171
102 6174
103 6175
104 6175
105 6175
106 6175
107 6181
108 6181
109 6,181
110 61831
111 6184 -

-112 6184
1136184
1-14 6189
115 6189
116 6190-
117 6191
118 6-197

119 6197
120 6212
121 6212
12P 6212
123 6213
124 6213
125 6213
126 6218
1 27 6218-
1 281 _ 6221
1291 6221
130 6227
131 6227
132 6227
133 6232
1 341 6232
1351 6233
1 361 6234
J--3 71 6234
1138 6245
139 6245
1 40 62451
1411 62451
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Copy of-86AIND.

G H 0
142 6246

143 6247
144 6247
145 6248
146 6248
147 6251
148 6253
149 6258
150 6259
151 6261
152 6268
153 6268
154 6270
155 6270
156 6270_
157 6275
158 6275
159 6275
160 6275
161 -6275
162 6277
163 6277
164 6277
165 6282
166 6282
167 6283
168 6283-
169 6287
1701 6287
171 6287
172 6287
173 6307
174 6307
175 6310
176 6310
177 6314
178 6317
1791 6317
180 6321
181 6322
18-2 6322
183 6323
184 6323
185 6323
186 6324
187 6330
188 6330 0

Page 9



Copy of 86 IND.

G _ _

189 6335
190 6335

191 6337_____
192 1762.24034 _____

-193 _ _ _ _ _ _ _ _

194 __ _ _ _ _ _ _ _ _ _

196 __ _ _ _ __ _ _ _

1 97 81 entries <500 hrs
19 98 i.e. 42% <00

200 95 entries <650
201 i.e. 50% <650-hrs
2021---
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Copy of 87 IND

A B C D _E'_ F___
I TYPE TIME METER JULIAN DATE "TYPE TIME METER
2 180 0 7005 397 1
3 180 0 7005 397 - 4
4 --- 1-80 1 7005 397 5
5 180 3 7005 .397 5
6 180 4 7005 397 7
7 180-- 4 7008 397 8
8 180 5 7008 397 13
9 180 5 7008 397 23
10 180 7 7013 397 24
11 180 11 7015 $:_37 25
12- 180 17 7021 397 33
13 180 43 7021 397 35
"4 - - 180 48 1021! 3971 37
.15 180 74 7027 397 40
16 180 83 7033 397 -0

17 180 84 7033 397 54
1T 180 94 7033 397 57
19 180 98 7033 397 58
20 180 100 7033 397 65
21 180 100 7033 397 71
22 1 0 101 7033 397 78
23 180 102 7033 397 79
24 180 121 7033 397 80
25 180 122 7033 397 81
26 180 134 7033 397 81
27 180 138 7041 397 90
-28 180 144 7041 397 96
2l 180 151 7058 397 106
3 180 166 7058 397 109
,1 180 169 7058 397 124
32 180 169 7058 397 125
33 180 182 7058 397 126
34 180 205 7058 397 130
35 180 214 7063 397 143
36 180 245 7063 397 144
37 180 298 7064 397 157
38 180 300 70641 397 168
39 180 310 7064 397 178
40 180 315 7065 397 179
41 180 317 7068 397 183
42 180 317 7068 397 189
43 180 320 7068 397 190
44 180 324 7069 397 193

180, 3381 7069 397 195
46 l. 1 0 342 7069 397 205
47 18-V 3471 7069 397 205
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Copy of 87 IND

A B C D .E F

48 '180 349 7070 397 206
49 180 361 7071 397 210
50 180 361 7071 397 234
51 180 393 7083 397 236
52 180 399 7083 397 240
53 180 400 7096 397 248
54 180 401 7096 397 251
55 180 413 7096 397 254
56 180 414 7098 397 264
571 180 416 7100 397 280
58 180 425 7100 397 284
59 180 433 /100 397 288
60 180 462 7104 397 297
61 180 -__475 -7107 397 302
62 180 482 7107 397 312
63 180 484 7118 397 320
64 180 492 7121 397 326
65 180 515 7124 397 351
66 180 516 7125 351
67 180 518 7127 397 358
68 180 522 7132 397 -361
69 180 540 7132 397 361.70 180 548 7132 397 363
71 180 563 7132 397 369
72 180 565 7132 397 369i
7-3 180 566 7155 3971 3701
74 10 572 7155 397 373
75 180 621 7155 397j 383
76 180 621 7156 397 383
77 180 623 7156 397 383
78 180 628 7160 397, 386
79 180 633 7160 397 391

180 180 639 7160 397 396
81 180 645 7160 397 416
82 180 647 7161 397 420
83 180 674 7161 397 424
84 180 694 7161 397 425
85 180 713 7161 397 434
86 180 722 7161 397 442
87 180 743 7162 397 464
-88 180 7471 7170 397 473
89 180 7qO 7170 397 476
90 1.90 808 7182 397 487
91 180 817 7182' 397 489
92 180 "333 7182 397 493
9-3_ 180 837 7182 397 499
94 180 840 7182 397 499
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Copy of 87 IND

A B C D E F
95 180 924 7182 397 504
96 180 952 7182 397 554
97 180 959 7183 397 566
98 180 981 7187 397 578
99 180 988 7187 397 583
100 180 988 7188 397 588
101 180 989- 7196 397 589
102 180 993 7196 397 594
103 180 1000 7196 397 598
104 180 1024 7202 397 609
105 180 1026 7203 397 611
106 180 1058 7203 397 . ..... 612
107 180 1065 7204 397 614
108 180 1082 7204 397 618
109 180 1101 7205 397 623
110 180 1121 7205 397 640
11 180 1147 7205 397 640
112 180 1148 7209 397 648
113 180 1173 721'3 397 651
114 180 1196 7213 397 660
115 180 1241 7213 397 679
116 180 1243 7214 397 679
117 180 1246 7217 397 681
118 180 1287 7217 397 687
119 180 1289 7219 3971 697
120 180 1290 7219 3971 711
121 180 1293 7219 397 721
122 180 1343 7223 397 724
123 180 1347 7224 397 730
124 180 1349 7224 397 732
125 180 1417 7224 397 748
126 180 1468 7226 397 749
127 180 1503 7226 397 754
128 180 1552 7226 397 757
129 180 1601 7231 397 759
130 180 1602 7231 397 759
131 180 1611 7236 397 771
132 180 1643 7236 3971 772
133 180 1681 7237 397 785
134 180 1724 7238 397 789
135 180 1730 7240 397 845
136 180 1741 -7240 397 846
137 180 1748 7245 397 851
138 180 1752 7245 397 852
139 180 1768 7247 397 867

140 180 1772 7251 397 881
141 180 1794 7257 397 914
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Copy of 87 IND

SA B C D E IF

142 180 1802 7258 397 915

143 180 1828 7265 397 921
144 180 1831 7265 397 934
145 180 1847 7265 397 938
146 -180 1868 7266 397 943
147 180 1872 7266 397 953
148 180 1889 7266 397 968
149 180 1892 7274 397 973
150 180 1962 7274 397 974
151 180 1992 7274 397 986
152 180 2014 7278 397 990
153 180 2030 7278 397 999
154 180 2042 7278 397 1003
155 .- 180 .. 2086 -.7279 397 1023

156 180 2109 7280 397 1029
157 180 2109 7280 397 1033
158 z0 2109 7280 397 1041
159 180 2112 7281 397 1054
160, 180 2163 7286 397 1054
161 180 2179 7288 397 1082
162 180 2184 7292 397 1090
163 180 2187 7292 397 1095
164 180 2187 7293 397 1095
165 180 2212 7293 397 1099
166 180 2215 7294 3971 1101
167 180 2253 7295 3971 1114
168 180 2261 7295 397 1133
169 180 2270 7295 397 1134
170 180 2300 7295 397 1136
171 180 2332 7295 397 1138
172 180 2348 7296 397 1151
173 180 2363 7296 397 1159
174 180 2475 7296 3971 1164
175 180 2583 7306 3971 1178
176 180 2598 7306 397 1186
177 180 2687 7306 397 1195
4761 180 2778 7306 3971 1198
17H 180 2798 7307 397 1203
180 180 2814 7307 397 1232
181 180 2842 7308 397 1233
182 180 2867 7308 397 1234
183 180 2870 7308 397 1242
184 180 2871 7309 397 1249
185 180 2966 7309 397 1309
186 180 2993 73091 397 1326
187 180 3084 7309 3971 1376

* !88 180 3090! 73141 -3971 197
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Copy of 87 IND

A B, c C D E F
1891 1801 30911 73141 3971 1398
190 _ 1801 3229 73141 3971 1413
191 180 3382 73211 397 1476
192- 180 3384 7324 397 1488
1931 180 3386 7324 397 1523
194 180 3392 7324 397 1541
1 95, 180 3441 7326 397 1553

196 180 3612 7326 3971 1578
197 180 3649 7326 397 1603
198 180 3863 7326 3971 1627
199 180 4044 7328_ 397 1645
200 1801 4050 7328 _ 397 1661
201 1801 4165 7328 _ 3971 1713
202 1801 4288 7328 I 3971 1764
203 1801 4361 7329 _ 39_7_ _- 1809
2041 180 4422 7335 I 3971 1817
205 180 4863 73351 1 3971 1819
206 180 4992 7335 1 3971 1833
207 180 5395 73351 3971 1881
208 1801 5583 73351 3971 1952
209 i  1801 6230 73351 1 3971 1965
2101 1801 62901 73371 I 3971 1994
2111 1801 78591 73381 I 3971 2167
212 145529762 1372.878941 1 3971 2191
213 I 1 ! 3971 2203
21 4 36 ENTRIES >2500 64 entries <500 1 3971 2246
21 5 i.e. 17% >2500 Ii.e. 30% <500hrs I 3971 2251
21-6, I 1 1 3971 2256
217 24 entries >3000 1102 entries <1000 I 3971 2306
218 i.e. 11% >3000 hrs Ii.e. 48% <lO00hrs I 3971 2313
219_ I I i 3971 2467
220 1 I 397; 2550
221min =0 _ __ _3971 2765
2221max =7859 I_3971 2813
2231 1 3971 3123
2241 1 I I 3971 3200
225 _ II 397! 4410
226 1 t _ 1813.816518
2271 I _ __I

228 16 entries >25
229 1 i I Ii.e3% >250023o0l! -1
231 1 ! _! !_ 71 entries >1
232 I i i.e 32% >100(
2331_'_ _ _ 1 I__
23411 1 I 1 Imin= 1
2351 I I Imax =4410
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Copy of 87 IND

* - G H___ _

1 JULIAN DATE I
2 70051
3 70051
4 70051
5 7006
6 70091
7 70121
8 70121
9 70121
10 70121
11 70161 I
12 70161
13 70261
14 70261 I
15 70331 I
16- 70331
17 70481 I
18 70481
19 70481
20 70481
21 70501
22 70501
23 70501
24 70501
25 70511
26 70511
27 70511
28 70511
29 70521
30 70521 !
31 70521
32 70521
33 70521
34 70521
35 70631
36 70631
37 70651
38 7065 1
3 9 70651

40 70901 !
41 70901
42 70:911

43 70911
44 70981
45 70981 I
46 7098 !
47 70981 I

Page 6



Copy of 87 IND

G H

48 7100
49 7100
5o 7100
51 7103
52 7103IiI 5 3 7121

54 7121
55 7127
-56 7127
57 7127
58 7127
59 7132
60 7147
61 7147
62 7147
63 7147
64 7148
65 7148
66 7152
67 7152
68 7152
69 7152
70 7155 _

71 7155
72 7156
73 7162
74 7166
75 7166
76 7182
77 7182
78 7182
79 7182
80 7-182
81 71782
82 7183
83 7183
64 7183
85, 7183
86 7189
87 7189
88 7189
89 7189
90 7195
91 7195
92 7196
93 7196
94 7198 t
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Copy of 87 IND

95 7201
96 7201
97 7202
98 7202
99 7204
100 7204
101 7204
102 7204
103 7213
104 7213
105 7214
106 7214
107 7218
108 -. 7218
109 7218
110 7219
111 7219
112 7219
113 7219
114 7225
115 7225
116 7225
117 7229
118 7229
119 7231
120 7231
121 7233
122 7233
123 7239
124 7239
125 7239
126 7240
127 7240
128 7240
129 7245
130 7245
131 7245
132' 7246
133 7246
134 7246
135 7253
136 7253
137 7254
138 7258
139 7258
1401 7258.1411 7261
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Copy of 87 IND

G H I 0
142 7261
143 7265
144 7265
145 7266
146 7266
147 7274
148 7274
149 7274
150 7274
151 7275
152 7279
153 7279
154 7279
155 7279
156 7279
157 7281
158 7282
159 7282
160 7282
161 7282
162 7287
163 7287
164 7292
165 7292
166 7293
167 7293
168 7294
169 7294
170 7294
171 7294
172 7294
173 7306
174 7306
175 7306
176 7321
177 7322
178 7322
1-79 7323

180 7323
181 7323
182 7323
183 7323
184 7323
185 7324
186 7324
187 7324
188 73261
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Copy of 87 IND

*G H 1
189 7326

190 7326
191 7326
192 7326
193L 7326
194 7329

., 195 7329
196 7334
197 7337
198 7341
199 7341
200 7341
2011 7341
202 7341
203 73411
204 73421
205 7342
206 7342
207 7342
208 7342
209 7343
210 7343
211 7344
212 7344_
213 7344
214 7345
215 7345
216 7348
217 7348
218 7341
219 7349
220 7350
2211 7350
222 7350
223 7351
224 7351
225 /352
226 705.871369
227
228 )0 94 entries <500
229 i.e. 42% <500hrs
230 1
231 00 112 entries <650
232 hrs i.e. 50% <650 hrs
233
234. 235
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COPY OF 88 IND

A B C D E F
1 TYPE TIME METER JULIAN DATE TYPE TIME METER
2 180 2 8004 397 0.7
3 180- 3 8004 397 2.6
4 180 5 8014 397 3.7
5 180 6 8019 397 7.6
6 180 9 8019 397 11.4
7 180 12 8022 397 19.6
8 180 20 8022 397 21.8
9 180 39 8027 397 29
10 180 45 8028 397 29.2
11 180 58 8032 397 45
12 180 60 8035 397 74.4
13 180 63 8040 397 101.8
14 180 77 8041 397 114.1
15 180 81 8041 397 116.5
16 180 100 8042 397 128
17 180 152 8042 397 140.8
18 180 153 8048 397 145.2
19 180 16-1.- 8049 397 153.7
20 180 169 8053 397 181.8
21 180 226 8055 397 186.2
22 180 227 397 188.2
23 180 229 8061 397 219.2
24 180 233 8061 397 248
25 180 304 8064 397 292.5
26 180 313 8068 397 300.3
27 180 325 8070 397 313.6
28 180 S37 8071 397 327.4
29 180 338, 8075 397 348.3
30 180 353 8077 397 354.6
31 180 359 8078 397 362.9
32 180 381 8082 397 367.2
33 180 398 8084 397 368.7
34 180 429 8089' 397 368.7
35 180 435 8090 397 404.5
36 180 456 8091 391 409.6
37 180 470 8092 397 409.9
38 180 483 8096 397 413.9
39 180 486 8097 397 418.2
40 180 491 8097 397 424.4
41 180 499 8099 397 425.2
42 180 500 8012 397 429.9
43 180 505 8104 397 446
44 180 512 8105 397 455.6
45 180 535 8109 3-37 455.6
46 180 558 8110 4_.9.7.7 57.9
471 180 591 8112 397. 467.8
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COPY OF 88 IND

* A _ _ _ _ _ _ _

48 180 B598 8113 397 468.8
49 180 659 8113 '  397 481.5
50 180 662 8118 397 485.3
51 180 664 8120 397 492.3
52 180 667 8124 397 499.8
53 180 680 8124 397 534.3
54 180 691 8125 397 567.4
55 180 712 8127 397 575
56 180 71_6 8130 397 593.1
57 180 746 8130 397 598.7
58 180 747 8131 397 607.2
59 180 773_ 8132 397 611.5
60 180 777 8134 -397 614.4
61 180 792 .8137 397 617.6
62 180 800 8137 397 635
63 180 800 8139 397 645.7
64 1801 813 8139 397 649.4
65 180 849 8140 397 682.3
66 180 850 8144 397 690.2
67 180 852 8144 397 717
68 180 863 8146 397 733.7
69 180 863 8147 397 755.6
70 180 893 8152 397 756.6
71 180 897 8153 397 818.3
72 180 903 8154 397 827.2
73 180 920 8154 397 827.9
74 180 931 8154 397 834
75 180 938 8154 397 846.2
76 180 960 8154 397 854

77 180 999 8154 397 858.1
78 180 100? 8155 397, 926
79 180 1006 8159 397 944.1
80 180 1023 8160 397 965
81 180 1048 8161 397 982.5
82 180 1074 8161 397 998.2
83 180 1099 8165 397 1001.3
84 180 1142 8166 397 1018.4
85 180 1144 8167 397 1021.6
86 180 1193 8167 397 1025.5
87 180 1202 8168 397 1054.6
88 180 1220 8169 397 1____i06-6.6
89 180 1239 8172 3971 1112.7
90 180 1273 8175 3971 1144.8

91 180 1276 8179 397 1159.3
92 180 1285 8180 397 1192
93 180 1341 81821 397 1229.1
94 180 1353 8183 397 1276.9
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COPY OF 88 IND

A B C D E F
95 180 1371 8187 3971 1294.9
96 180 1412 8188 397 1307.4
97 180 1414 8190 397 1364.3
98 180 1425 8190 397 1396.8
99 180 1429 8193 397 1433.7
100 180 1434 8194 397 1571.8
101 180 1461 8195 397 1580.7
102 180 1532 8197 397 1596.2
103 180 1540 8200 397 1636.9
104 180 1541 8202 397 '1679
105 180 1575 8204 397 1690.3
106 180 1645 8207 397 1731.7
107 180 1659 8208 397 1739.2
108 180 1671 ,8209 _ 397 1754.4
109 180 1675 8210 397 1801.4
110 180 1727 8211 397 1846.1
111 180 1737 8214 397 1923.9
112 180 1750 8215 397 1934.9
113 180 1771 8216 397 1944.2
114 180 1778 8217 397 1994.6
115 180 1795 8221 397 2085.7
116 180 1856 8222 397 2087.2
117 180 1859 8223 397 2087.3
118 180 1875 8223 _397 2094.7
119 180 1885 8224 397 2243.6
120 180 1930 8225 397 2412.8
121 180 1945 8228 397 2422
1 22 180 1955 8229 397 2453.4

23 180 1990 8230 397 2589.9
124 180 1996 8231 397 2637
125 180 2112 8231 397 2791.7
126 180 2158 8232 397 3176
127 180 2158 8235 891.9328
128 180 2256 8236
129 180 2295 8237 44 entries >1000
130 180 2311 8238 i.e. 35% >lO00hrs
131 180 2420 8239
132 180 2440 8242
133 180 2450 8243
134 180 2559 8244
135 180 2559 8250 min = 0.7
136 180 2585 8251 max =3176
137 180 2638 8252
138 180 2682 8252
139 180 2695 8257

140 180 2741 8258
141 180 2755 8258 _
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COPY OF 88 IND

A B C D E Fi142 180 2771 8259

143 180 2798 8259
144 180 2810 8259
145 180 2917 8263
146 180 2939 8263
147 180 3049 8263 _,

148 180 3059 8264
149 180 3074 8264

150 180 3083 8267
1511 180 3122 8267
1521 180 3141 8267
153 180 3176 8270
154 180 3198 8271
155 180 3216 8274
156 180 3365 8277
157 180 3399 8278
158 180 3465 8279 _

159 180 3491 8280
160 180 3646 8281
161 180 3869 8281
162 180 4111 8285
163 180 4197 8286.164 180 4652 8287
165 180 4772 8291
166 180 5279 8291
167 180 5434 8298
168 180 5472 8307
169 180 5555 8309
170 180 7101 83131
171 180 9455 8319_
172 180 14025 8321_
173 1650.29123 1731.79386_
174
175
176 38 entries >2500 77 entries <1000
177 i.e. 22% >2500hrs i.e. 45% <lO00hrs
178 _ _

179 95 entries >1000 41 entries <500
180 i.e. 55% >1000 hrs i.e. 24% <500
181

182 min 2
183 max = 14025
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COPY OF-88 IND

-G H
I JULIAN-DATE
2 8004
3 8004
4 8004
5 8013
6 8013
7 8022
8 8026
9 8029
'10 8033
11 -8035
12 8040
13 8041
14- -8041
1-5 8053
16 8054
17 8057
18 -8062
1-9 8064
20 8068
21 8071
22 8076
23-1 8077
24 8083
25 8085
26- 8089
27 8090
28 8092
29 8095
30 8104
31 8109
32 8110
33 8111
34 8116
35 81171
36 8119
37 8124
38 8127
39 8130
40 8132
41 8137
42 8139
43 8145
4,,- 8146
45 8148
46 8152
47 8159 _

Page 5



COPY OF 88 IND

G

48 816-1 ... .
49 '8166
50 8169
51 8173-__
52- 8175

8181
54 8183-
55 8188
56- 8190
57 8197
58 8200
59 8203
60 82081
61 - 8215 .
62 8221
63 8222_
64 8224
65 8230

-66 8235
67 _8236
68 8237
69 8239

. 70 8243
-71 8244
72 8250
73 8251
74 8257
75 8257
76 8257
-77 8278
78 8279
79 8280
80, 8281
81 8285
82 8286
83 8287
84 8291
85 8291
86 8295
87 8298
88 8305
89 8305
90- 8306
91 8306
92 8306
93 8319
94 83211

Page 6



COPY CF88 IND

G H O

95 8321
96 8323
97 8323
98 8326
99 8326
100 8327

o101 8327
102 8333
103 8335_
1041 8335
1051 8336
1061 8336-
1071 8336
108 8340
109 8340
110 8340
111 8347
112 8347
113 8347
114 8347
115 8347

:116 8347-
117 8347 _

118 8348
119 8348
120 8349
121 8349
122 8349
123 8349
124 8349
125 8349
126 83501
1271 726.3664081
1281 1
129 52 entries <500
130 i.e. 41% <500 hrs
131
132 64 entries <650
133 i.e. 51% <650 hrs
1341_
1351
136
137
138

139
1401
1411

Page 7



COPY OF 88-IND

-G_ __ H

143 __ _ _ _ __ _ _ _

144 __ _ _ _ _ _ _ _

1-45 _ _ _ _ _ _ _ _ _

146 __ _ _ _ __ _ _ _

147
148 __ _ _ _ __ _ _ _

149
150,
151 __ _ _ _ __ _ _ _

152
153
154
1551-
1561
1-571
158
159 __ _ _ _

1 60 _ _ _ _ _

1 61 _____ _

1 62,_ _ _ _ _

1 63 _ _ _ _ _. 1 64 _____

1 65
166
167,
1 68
1 69
170__ _ _ _

171__ _ _ _

172,
173__ _ _ _

174
175
176 __ _ _ _ __ _ _ _

177,_ _ _ _ _ _ _ _ _

178 __ _ _ _ _ _ _ _ _ _

179 __ _ _ _ _ _ _ _ _ _

180 __ _ _ _ _ _ _ _ _ _

1-81 __ _ _ _ __ _ _ _

182 _ _ _ _ __ _ _ _ _

1831_ _ _ _ __ _ _ _ _

Page 8



Copy 0U89 IND

-_lYEA iEB CDAE D -E - F1 T'PE TIME METER JULIAN DATE TYPE ITIME METER

2 180 2.3 9012 -3971 0.3
3 180 2.4 9012 3971 0.8
4 180 2.7 9012 3971 2.2
=5 180 4.6 9019 I - 3971 2.8
6 180 5.3 9025 j 3971 3.5
7 180 6.7 9030 3971 12.2
8 180 40.3 9032 397 20.4
9 180 78.7 9032 397 24.7
101 180 94.5 9032 397 39.6
11 1 -180 99.4 9034 397, 43.1
121 1801 102.3 90341 397 47.8
13 1801 1168 9037 397 52
14 180 127.7 9047 397 52.4
15 180 187.31 9047 1 3971 53
16 180 2551 9062_ I 3971 57.3
17, 180 268.21 90661 J - 3971 60.3
18 180 284.7 9079 3971 66.9
19 180 349.2 9080 3971 74.2
20 180 363.7 9086 3971 91
21 180 464 9087 I 3971 99.9
22 1801 4861 9087 1 3971 100.7
23 1801 507.61 9089 1 3971 101.5
24 180 512.9 9089 I 3971 102.51
25 180 563 9096 3971 106.8
26 180 589.6 9096 1 3971 106.9
27, 180 605.6 9096 397 108.2
28 180 661.5 9096 3971 109.7
29 180 735.9 9097 I 3971 117
30 1801 740 90971 3971 127.4
31 180 767 91011 3971 129.9
321 180 831 91021 3971 139.9
331 180 871.5 91041 3971 140
341 180 887.4 91041 3971 143.4
35 180 918.4 9115 3971 145.3
36 180 927 9116 3971 148.4
37 180 1002 91161 3971 161.2
38 180 1024 91181 3971 164.1
391 180 1083.7 9118 397 171
40 180 1089.4 91181 397 177.3
41_ 1801 1101.4 9117 _____I3971 186.4
42 1801 1111.5 9119_ I 3971 188
43 1801 1112.7 9119 3971 188.7
44, 1801 1136.11 91191 I 3971 192.7
45 1801 1143.61 91191 1 397i 193.5
46 1801 1235.71 91221 1 3971 215.1
47 1801 1250.11 91221 1 3971 217.7

Page 1



Copy of 89 IND

- A B C D E F
48 1801 12811 91231 I 3971 223.7
49 1801 13311 91231 I 3971 230.3
50 1801 14561 91251 I 3971 236.5
51 1801 15011 91301 I 3971 240.2
52 1801 1518.7 91301 3971 246.2
53 1801 1562.21 91361 3971 289.5
54 180 1613 91381 3971 290.255 180 1664.2 91451 3971 300
56 180 1700 91471 3971 324.6
57 180 1720 91471 397i 326.2
58 180 1731.61 91471 I 3971 347.2
59 1801 1907.11 9153! 3971 356.6
60 180! 1964.11 91571 i 3971 375
61 1801 1991.21 91571 I 3971 391
62 1801 2072.91 91601 i 3971 399.7
63 , 1801 2414.81 91651 1 3971 405.7
64 1801 2529F 91681 i 3971 420.6
65 1801 2643.9! 92011 1 3971 422
66 180 2799! 92011 1 3971 434.8
67 1801 29141 92011 I 3971 441.8
68 1801 29421 9201! I 3971 445.4
69 1801 2964.91 9201! 1 3971 447.9
70 1801 2997.91 92011 I 3971 450.8
71 1801 31251 92021 1 3971 451.8
72 1801 3235! 92061 1 3971 463.7
73 1801 3444.6! 92071 I 3971 489
74 1801 36501 92091 I 3971 489.9
75 180 3959 92231 1 3971 497.5
76 1801 4174.71 9249! I 3971 509.4
77 1801 41921 92491 3971 518.9
78 1801 4241.5! 92571 I 3971 548.7
79 1801 4331.7! 92581 F 3971 549.2
80 1801 4375.41 92581 I 3971 549.8
81 1801 4428.8! 9263 i 3971 552
82 180 44631 9263! 3971 564
83 180! 4564 92781 1 397 564.5
84 1801- 4834.61 9278! 3971 576.1
85 180! 4911.21 92861 i 3971 585
86 180! 5093.21 92861 1 3971 609.8
87 180! 5096.61 92921 1 397 618.6
88 180! 51521 9294! 1 3971 621.2
89 1801 51831 9299! 3971 626.3
90 1801 5193! 93031 I 3971 627.3
91 1801 53701 93061 1 3971 627.6
92 180! 58101 9306! 3971 634.7
93 180! 59261 93071 I 3971 642.9

*94 1801 61291 93111 I 3971 663.9
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Copy of 89 IND

-A B C D E F 85-95 180 6631 9311 397 685.6
96 180 7152 9311 397 686.4

[97 180 7241 9311 397 688.9
198 180 7466 S312 397 695.2199 180 7844 9312 397 695.7
[100 180 8685 9313 397 719.8
11 180 8701 9313 397 751
1.1 U.. i80 8839 9313 397 751.2

__80 8861 9313 397 756.6
. , 180 9483 9314 397' 758.1

01"15 180 9607 9314 397 7G3.8
1 V06 180 9823 9318 397 779.2
I1 07 1 80 9905 931 9 397 825.3
108 180 10581 931-9 - , 397 825.8
109 180 10783 9320 397 833.6
110 180 11774 9320 397 839.6
111 180 13782 9320 397 848.8
112 180 1A740 9321 397 890.2
113 180 15032 9322 397 904
114 180 20820 9322 397 9281
115 180 24018 9325 397 947
116 180 24219 9327 397 953.3
117 180 25188 9327 397 970.6
118 180 26797 9332 397 972.1
119 180 29582 9332 180 973.4-
120 180 30178 9332 397 974.7

21 180 32147 9334 397 976.4
122 180, 34521 9339 397 990
123 1801 38308 9340 397 1007.3

_124 1801 55659 9341 397 1015.9
125 180 58517 9342 397 1019
126 180 84490 9342 3971 1028
127 6841.8176 12326.5512 397 1054.1
128 397 1077.6
129 89 entries >1000 22 entries <500 3971 1084.1
1 30 i.e. 71% >1000 hrs i.e. 17% <500hrs 3971 1089.3

_131 ,I 3971 1098.5
132 62 entries >2500 . 397 1117.9
133 i.e. 49% >2500 397 1126.1

-134, 397 1126.7
135 41 entries >5000 397 1134.8
136 i.e. 33% >5000 397 __ 1175.2
137 397 1175.8
138 397 1176.4
139 397 1186
140 397 1229.9
141 3971 1230
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:Copy of 89IND

A B C D E F
142 397 1242.5
143 397 1'244
144 397 1254
145 397 1270
14"8 397 1292.3
147 397 1296.3
148 397 1319.3
149 397 1326.1
1-501 397 1357.3
1 51 397 1372,8
152 397 1378.7
153 397 1424
154 397 1431.7
155 397 1449.1
156 397 1469.8
157 397 1493.7
158 397 1503.9
159 397 151-8
160 397 1545.2
161 3971 1561.8
162 3971 1574.6
163 397 1623.9
164 397j 1630 9
165 397' 1649
166 397 1652.4
167 397 1656.7
168 397 1677
169 397 1717.9
170 ,397 1733
171 397 1733
172 397 1737.1
173 397 1740.9
1 7A 397 1776.4
175 397 1777;8
176 397 1781
177 "_397 1830.9
178 . -__397 1873.3
179 397 1964
180 397 1969.1
181 397 1997.5
182 397 1999
183 397 2069.4
184 397 2110.7
185 397 2147.8
186 3971 2151
187[_ 3,97 2162
188 3971 2300
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Copy-of 89 IND

A B- C 0 E F'
189 397 2313
190 397 2321.9
191 397 2373
1921 397 2384
193 397 2423.8
104 _4 397 2427
195 397 2494
196 397 2570.5
197 397 2593
198_ 397 2615
199 397 2618
200 397 2666
201 397 2773
202 397 2811
203 397 2827
204 397 2909
205 397 3.122.5
206- 397 3204

207 397 3604
208 397 3815
209 397 4048.8
210 397 4138
21-1 1.._397 4189
212 397 4338
213 ---- _V_ 397 4430
214 397 4485
215 __ 397 4762
216 397 4798
217 £___ _' 397 4805
218 397 4957
219 397 4969
220 397 5165
221 397 5296
222 397 5299
223 397 5349
224 397 5364
225 397 5812
226 397 5869
227 397 6525
228 397 6728
229 397 6829
230 397 6879
231 397 6970
232 397 7160
233 397 7414
234 397 7441
235 1, 397 7825

Page 5



Copy of 89 IND

A B C D E F
236_ 397 7871
237 397 7900
238 397 7961
2391 397 7964'
240 397 8219
241 397 8730
242 397 8847
243 397 -9256
244 397 9540
245 .397 9939
246 397 10295
247 397 11296
248 397 12698
249 397 13931
250 397 15039
251 397 15489
252 397 16057
253 397 16767
254 397_ 17534
255 397 18475
256 397 19622
257 397 25412. 258 397 25488
259 397 25829
260 397 27510
261 397 28004
262 397 100670
263 3224.83755

264 1
265

266 140 entries >1000
2671 i.e. 53% >1000hrs
268
269
270

Page 6



Copy of -89AND

G H
1 IJULIAN DATE _____

2 9003 _____

3 9003 _____

4 9003 _____

5 9003
6 9009 _____

7 9009 _____

8 9010_____
9 9013

101 9013.
I11 901-3 ____

12 9018
13 9019
14 -9019

-15 9019 ___

16 -9026
17 9026
18 9031
19- 9034
20 9034
21 9040
22 92040 _____

2 - 9041 __ _ _ _

241 9045.
251 9047
261 9052
271 9053
28 1 9058 _____

291 9058 _____

30 1 9058 _____

31 9068 _____

32 9069 _____

33 9069 _____

34 9069
35 9072 _____

36 9072
371 9074
38 9079
39 9080
40 9081
41 9081-
4-2 9082
43 9082
44 9082
45 9083
46 9083_____

1471 9086,_ _ _ _ _
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-Copy of 89 IND

__ _G_ H
48 9086
49 9101
50 9102
51 9102
52 9104
5-3 -9115

54 9116
55 9116. 56 9116
57 9122
58 9123
59 9124
60 -9124
67 -9125
62 9130
63 9136
64 9136
65 9137
66 . 9137
67 9139
68 9140
69 9140
70 9143
71 9143_
72 9143!
73 91431
74 9144
75, 9154

76 9154
77 9157
78 9157
79 9158
80_ 9158
81 9160
82 '9160
83 '9161
84 -9161
85, 9164
86 9165
87 -9168
88 -9168
89 9169
90, 9169
91 9169
-92 9169
93 9169

e 94 9169
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Copy of 89- IND

G0
95-1 9169
961 9169_
97 9169
98 9169
99-1 9170
100 9174
loll 9174
102 9174
103 9174
104 9174
105 9174
106 9174
107 9174
108 -9174
109 9174
110 9174

" 111 9174
112 9175

* 113 9175
1141 9175-
115 9178
1161 9190
1171 9190 0
118 9193_
119 9193
120 91941
121 9195
122 9198
1-23 9202
124 9202
125 9202
126 9208
127 9208
1-28 9209
129 9214
130 9214
131 9217

132 9220
133 9220
134 9220
J35 9220
136 9221
137 9222
138 9222
139 9222
140 9222
141 9222 Page_9
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Copy of-89 IND

,G H

142 9223 _____

143 9223
144 9223
1451 9223
146 9224
147 9224
148 9224
149 9224
150 9228
151 9238
152 9238
153 9238--
154 9241
155 -9241
156 9242
157 9243
158 9243
159 9243
1-60 9244
161 9244
162 9244 _

163 9250
164 9250
165 9251
166 9251
167 9251
168 9251
169 9257
170 9257
171 9257
172 9262
173 9263
174 9263
175 9263
176 9263
177 9263
178 9265
179 9265
180 9265
181 9270
182 9270
1-83 9270
184 9270
185 9271
186 -9272
187 9278
188 927 .

Page 10
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Copy of 89 IND

189 9279
190 9279
191 9285
192 9285
193 9286
194 9286
195 9286
196 9292
197 9292
198 9294
199 9294
200 9297-
201 9297
202 -9300!
203 9300
204 --9304
205 9304
206 9304
207 9306
208 9308
209 9308
210 9308
211 9311
212 9311
213 9311
214 9312
215 -9312
216 9312
217 9313
218 9313
219 9313
220 9314
221 9314
222 -9314
223 9318
224 9318_
22!. 9318_
226 9319
227 9319
228 9320_
229 9320
2301 9320

231 9321
232 9321
233 9321
234 9321

235 9322 9
Page 11
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Copy of 89 IND

*G- H
236 -9322
237 9326
238 -9327
239 9332,
240 9334
241 9334
242 9334
243 9336
244 9336
245 9339
246 9340
247 9340,
248 9342
249 --9342
250 9342
251 9343
252 9343
253 9346
254 9347_
255 9348
256 9348
257 9348
2581 9348
259 - 9349
260' 9349
261 9349
262 - 9354
263 7728.71129
264

265
266 75 entries <500
267 i.e. 29% <500 hrs
268 -_ __
269 93 entries <650-
270 i.e. 35% <650 hrs

Page 12
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Copy-of 90 IND

A B C D E F
1 TYPE TIME METER JULIAN DATE TYPE TIME METER
2 180 5 3 " 397 4
3 180 6 8 397 5
4 180 10 10 397 5
5 180 36 10 397 14
6 180 36 11 __397 26
7 180 41 11 397 36
8 180 49 12 397 37
9 180 58 12 397 62
10 180 84 19 397 87
11 180 96 24 397 123
12 180 115 24 397 124
13 180 123 30 397 150
14 180 -_192 30 397 152
15 180 197 30 397 171
16 180 197 30 397 201
17 180 205 31 397 220
18 180 211 31 397 221
19 180 311 33 397 229
20 180 330 33 397 241.7
21 180 335 38 397 249
22 180 336 39 397 250
23 180 375.8 46 397 261
24 180 379 46 _397 279
25 180 380 46 __397 283
26 180 404 46 397 301
27 180 426 60 397 308
28 180 505 61 397 317
29 180 566 66 397 353
30 180 596 67 397 391
31 180 644.7 67 397 394
32 180 657 67 397 405
33 180 666 69 397 425
34 180 679 69 397 431
35 180 679 72 397 434
36 180 689 74 397 455
37 180 695 74 397 457.1
38 180 716 74 397 459
39 180 734.9 75 397 480
40 180 742 75 397 492
41 180 783 76 3971 498
42 180 798 801 3971 504
431 180 806 801 3971 554
44 180 833 81 397 574
45 180 960 81 397 576
46 180 977 86 397 584
47 180 10001 88 397 602.5

Page 10239



Copy of o90 IND

A B C D E F
481 180 1002 88 -397 603
49 180 1028 88 397 607
50 180 1054 89 397 607.6
51 180 1072 89 397 624
52 180 1094 98 397 645
53_ 180 1100 105 397 650
54 180 1130 150 397 671
55 180 1139 150 397 704
56 180 1178 151 397 729
57 180 1210 151 397 738
58, 180 1259 152 397 774
59 180 1279 152 397 783
60 180 1330 153 397 825
61 180 1347 __153 397 825
62 180 1361 156 397 839.9
63 180 1370 156 397 859
64 180 1397 156 397 1012
65 180 1402 157 397 1121.8
66 180 1428 158 397 1146
67 180 1456 166 397 1193
68 180 1585 166 397 1209
69 180 1590 172 397 1222
70 180 1619 172 397 1251

71 180 1653 172 3971 1259
72 180 1688 172 397 1270
73 180 1752 172 397 1280
74 180 2009 173 397 1322
75 180 2095 173 397 1324.1
76 180 2150 173 3971 1354
77 180 2151 173 397 1359
78 180 2183 173 397 1359
79 180 2200 173 397 1423

80 180 2287 174 397 1479
81 180 2291 174 397 1625
82 180 2348 1741 397 1780
83 180 2374 1741 397 1873
84 180 2391 1741 397 1984.8
85 180 2415 174 397 1989
86 180 2462 176 397 1989
87 180 2577 176 397 2093
88 180 2606.2 176 397 2102
89 180 2610 176 397 2147
90 180 2631 179 397 2226.7
91 180 2672 1791 397 2265
92 180 2690 1811 3971 2297
93 180 2696 1861 3971 2351

* 94 1801 27151 1861 3971 2361

Page 2



Copy of 90 IND

A B C D E F
95 180 2725 187 3971 2363
96 180 2748 1871 3971 2603
97 180 2786 1881 397 2652
98 180 2934 190 397 2692
99 180 3048 190 397 2708
100 180 3060.3 193 397 2904.5
101 180 3502 194 397 3150
102 180 3683 195 397 3336
103 180 3692 198 397 3448
104 180 3723 198 397 3561
105 180 3850 202 397 3721
106 180 4010 202 397 4243
107 180 4021 204 _397 4940
108 180 -4072 204 3971 5332
109 180 4208 206 397 5552
110 180 42181 206 397 6115:
111 180 4220 206 397 6165
112 180 4313 209 397 6239
113 180 4487 210 397 7072
114 180 4813 210 3971 7663
115 180 5011 2111 3971 7800
1161 180 5994 2111 3971 7894
117 180 6292 212 3971 8358
118 180 6377 212 3971 8740
119 180 7634 213 3971 8846
120 180 7715 213 _ 39!7 9541
1211 180 7883 219 3971 9947
122 180 8135 220 3971 10025
123 180 8210 2201 3971 10128
124 180 12622 226 397 11244
1125. 180 13640 228 3971 11368
126 180 21798 228 1 3971 12208
127 180 22582 229 3971 13728
128 180 237461 2291 397 16321
129 180 274781 2301 397 16402
130 180 29787 2301 3971 29034
131 180 34583 2331 1 2741.20853
132 180 35775 2331 1
133 180 368001 2351 167 entries >1000
134 180 40805 2351 li.e. 52% >1000 hrs
135 180 54978 2351
1361 180 58623 238 134 entries >2500
137 4854.21185 9936.120091 i.e. 26% >2500 hrs
138 1 I,
139 90 entries >1000 27 entries <500 min "-4 _

140 i.e. 66% >lO00hrs i.e. 20% <5001 max= 29034

141 I 1 _
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Copy of 90 IND

* A I B C D E F
142 50 entries >2500 I II
143 i.e. 37% >2500 hrs I Ii

145 min=5 I I_! !
146max 58623 _

Page 4



.-Copylof-90-IND

G H
'I, JULIAN DATE, _ _"

2 2 _

3 2
4 2.

5 2
.6 __ __ 3_

7 4 ___

8 4
9- _ _ 4
10 ___ _ 4_

11 8 "
12 8i

14 - -8

15 _ 0_
: .'1 6 2 5,

17 25
1-8 25
19 25 _

20- 26-2 1= 26'21.: - 26!_ _ _ _ _

* 22 26
23 26'
2-4 31
25 33
26 37
27 37

28 38,
29 38
30 39
31 -52
32 52
33 52
34 59
35 60
36 61
37 61,
'38 65
39 -65
-40 66
41 66 _ ---
42- 66 -_
43 67
44 67 _ _ _

45 68 .
46 681
471a 681

Page 5



-Copy ,of.9OdND-

7 . .. .. .-6

4,, 75

-76

i5 .79 _ __I' - _ . 79!
5, 80

60 81

521- -7-

61 _ 86
--2 86-I _ _ __

• 811 "

__I90i ,__ _ '

70 93,

71 93

96

7575

*7 . 100 ___

_. 10 , - . '

1551 " M 40:

.-- ol 7 7

T7T -- il-

9-18: 110 1-

M 1

612

,93t- - 122 i _

- 4  i81g1

81T-



Copy- of'99OIND-

_ _ H
95123 __ _ _ _

96 130___ __

97 130_____

_9811 1-31 -

'991 131
100l 131 ______

101- 134 ____

10 134__ _ _ _

103 135 ____

104 -135
105 136
11061 221 __ _ _ _

10 221
108- 222
109 222
1109 222____
1111 222
112 222_____

113 222_____
1141 222 ____

1-15 222 __ _ _ _

116 223
117 223_____

118 223 ____

119, 2'23 _ _ _

120 223 ____

121 223_____

122 224_____

123 224_____
-124 224

1-25 224 _____

126 224
127, 225

128 225
129 226
130- 226
131 4213.01202

13 1 entries <500hrs

13 4 i.e. 32% <5O0hrs

13 652 entries <650
13 37i.e. 40% <650 hrs
138 _ _ _ _ _ _ _ _ _

1-39 _ _ _ _ _ _ _ _ _

140 _ _ _ _ _ _ _ _ _

141 __ _ _ _ _ _ _ _
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Copy of 90O-IND

<.G- H
142~__ __ _
14 j __ _

.1454.__ _ _

1-1461_____ ____
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790

REJECTS FOR FY90

GTC85-56 GTC85-70 GTC85-71 GTC85-72 GTC8bII6 GTCP85397 GTC85180 GTCP85180LS
REJECT REASON

HI-VIBRATION 1 2 1

CAV-PRESSURE I

INTERNAL FAIL I

INSTABILITY 3 5

LOW FLOW 1 I

LOW PRESSURE

NOISEY I

OTHER 2 .

TOTALS 3 5 0 15 0 6 0 0

ENG'S SOLD 63 TOTALS BY REJEUT REASON
REJECTED 30 HI-VIB 12

CAV/PRESS = 2
INT.FAIL I
INSTABIL. 8
LOW FLOW 2
LOW PRESS 0
NOISEY 3
OTHER 2

-V



9*

REJECTS FOR FY90
JUNE

[TC85-56 QTC85-7013TC85-71 GTC85-12 OTC85116 OTCP85397 (3TCP85180 GTCP8518OLS
* REJECT REASON

HI-VIBRATION 1 2 1 4 3

CAV-PRESSURE 2

INTERNAL FAIL

INSTABILITY 3 4 5 5

LOW FLOW I I

LOW PRESSURE 1

NOISEY

OTHER

TOTALS 6 6 5 8 0 1 4 4

ENG'S SOLD 68 TOTALS BY REJECT REASON
REJECTED 34 HI-VIB 11

CAV/PRESS 2
INT.FAIL- I
INSrABIL. 17
LOW FLOW- = 2
LOW PRESS I
NOISEY = 0
OTHER = 0



REJECTS FOR FY90
JULY

GTC85-56 GTC85-70 GTC85-71 GTC8b-'72 GT085116 GTP85397 GTCI85180 GrCP85t8OLS
REJECT REASON

HI-VIBRATION 1 1 7 4
CAV-PRESSURE
INTERNAL FAIL
INSTABILITY 2 3 10
LOW FLOW- I

LOW PRESSURE
NOISY 3
OTHER I-

TOTALS 2 2 4 20 0 8 4 1

ENG'S SOLD 86 TOTALS BY REJECT -REASON
REJECTED 33 HI-VIB 19

CAV/PRESS I
INT.FAIL = 0
INSTABIL. 15
LOW FLOW = 2
LOW PRESS 0
NOISEY = 3
OTHER 2



REJECTS FOR FY90
as of 15 AUG 1990

GTC85-56 GTC85-70 GTC85-71 GTC85-72 OTC85116 OTCP85397 GTCP85180 GTCP85i8OLS
REJECT REASON

HI-VIBRATION 1 5 2
CAV-PRESSURE I
INTERNAL FAIL
INSTABILITY 3 3
LOW FLOW

LOW PRESSURE
NOISY I
OTHER 1

TOTALS 0 4 3 2 0 6 2 0

ENG'S SOLD 26 TOTALS BY REJECT REASON
REJECTED 18 HI-VIB 8

CAV/PRESS I-
INT.FAIL 0
INSTABIL. 6
LOW FLOW 0
LOW PRESS 0
NOISEY 2
OTHER I
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ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/85 THRU 09/30/86

HIGH VIBRATIONS

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 3 0 3
-165 0 0 0 0
-180 15 17 0 30
-180L 3 0 0 3
-36-50 0 0 0 0
-397 12 - 2 3 17
-56 0 1 1 2
-56. 0 0 0 0
-70 0 5 5 9
-71 0 4 2 6
-72 2 4 11 16

32 36 22 86

140



ENG I NE REJECTS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09130/87

HIGH VIBRATIONS

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 0 0 0
-165 0 0 0 0
-165-1 0 0 0 0
-180 0 3 0 3
- 1 E0L 0 1 0 1
.-397 1 1 7 9
-56 0 0 0 0
-70 0 1 1 2
-71 0 0 1 1
-72 0 1 2 3

1 7 11 19

-0

;L@



E N G I N E R-E J E C TS

MODEL NUMBER % ALL

FROM 10/0(1/87 THRU 09/30/88

-HIGH VIBRATIONS

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-116 0 0 1 1
-165-1 4 1 0 4

O- 16 6 12 ......... 814
-180L 1 3 13

-397 6 2 10 16
-56 0
-70 0 -0 7 7
-71 1 1 3 4

* -72 1 0 6 7
T41M9 0 0 0 0

19 19 40 60



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/88 THRU 09/30/89

HIGH VIBRATIONS

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 0 0 0-116 0 0) 0 0* p . . C)

-165 0 C) 0 0
-165-1 0 0 0 C)
-180 5 11 16
-ib6L7 0 0 0) 0
-36-50 0 0- 0
-397 5 2 '," 2. 1.-- 29
-56 0 2 2 4
-70 0 2 2 4
-71 1 1 2 3
-71 (T) 0 0 0 0
-71 MDR 0 0 0 0
-72 0 1 10 1)
36-50 0 0 0 0
T41M9 0 0 0 0

11 19 43 66

967



E N G IlN E R-E J E C T S

MODEL NUMBER : ALL

FROM 10/01/85 THRU 09/30/86

HIGH CAVITY PRESSURE

MODEL NUMBER ACC-CASE TURBINE TOTAL

-106 0 2 2
-165 1 1 2
-180 5 18 23
-180L 1 2 2
-36-50 0 0 0
-397 3 0 3
-56 0 2 2
-56. 0 0 0
-70 0 0 0
-71 0 2 2
-72 4 1 5

14 28 41

S

S



* E NG I N E R E J E C TS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09/30/87

HIGH CAVITY PRESSURE

MODEL NUMBER ACC-CASE TURBINE TOTAL

-106 0 0 0
-165 0 0 0
-165-1 0 1 1
-180 1 5 6
-180L 0 1 1
-397 1 1 2
-56 0 0 0
-70 1 0 1
-71 0 0 0
-72 2 2 4

5 10 15

@4



E N G I, N E R E J .C T S

MODEL NUMBER : ALL

FROM 10/01/87 THRU 09/30/S

h'42H CAVITY PRESSURE

MODEL NUMBER ACC-CASE TURBINE TOTAL

-116 0 0 0
-165-1 2 0 2

-180 3 3 6
-1SOL 0 1 1
-397 1 0 1
-56 0 0 0
-70 1 1 2
-71 0 0 0
-72 2 0 2
T41"9 0 0 0

9 5 14

7ao



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/88 THRU 09/30/89

HIGH CAVITY PRESSURE

HODEL NUMBER ACC-CASE TURBINE TOTAL

-106 1 0 1
-116 0 0 0
-165 1 0 1
-165-1 0 0 0
-180 1 9 10
-180L - 0 1 1
-36-50 0 0 0
-397 1 1 2
-56 0 0 0
-70 0 0 0
-71 0 0 0
-71 (T) 0 0 0
-71 MDR 0 0 C)
-72- 0 1 1
36-50 0 0 0
T41M9 0 0 )

4 12 16

cp7/



E NGIN E RE JE CT S

MODEL NUMBER :ALL

FROM 10/01/85 THRU 09/30/86

INTERNAL FAILURE

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 1 c) 1
-165 1 0) 0 1
-180 4 1 2 7
-180L 1 00C 1
-36-50 0 1 C0 1
-397 2 4 0 6
-56 C) 1 12
-56. 0 0 0 0
-70 2 4 6 11

-71 0 32
-72 21 6 2 29

31 21 13 64



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09/30/87

INTERNAL FAILURE

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 0 0 0
-165 1 0 0 1
-165-1 0 0 0 0
-180 ) 0 1 1
-18OL 1 0 0
-397 1 _0. 0 1
-56 1 C 1
-70 1 C)0 1
-71 0 1 " 1
-72 4 1 0 5

9 2 1 12

027

0-



ENGINE REJECTS

MODEL NUMBER % ALL

FROM 10/01/87 THRU 09/30/88

INTERNAL FAILURE

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-116 0 0 0 0
-165-1 0 1 0 1
-180 1 1 . 1
-180L 0 r) 0 0
-397 4 4 C) 8
-56 0 1 ) 1
-70 0 1 C) 1
-71 C) 0 0 0
-72 1 4 1 6
T41M9 2 0 0 2

8 12 2 22



ENG I NE REJECTS

MODEL NUMBER : ALL

FROM 10/01/88 THRU 09/30/89

INTERNAL FAILURE
SI

MODEL NUMBER ACC-CASE TURBINE COMPRESSOR TOTAL

-106 0 0 0 0
-116 0 0 0 0
-165 0 0 0- 0
-165-1 0 1 0 1
-180 1 0 1 2
-180L - 0 0 0 0
-36-50. 0 1 1 2
-397 4 2 4 9
-56 0 6 0 6
-70 1 0 1 2
-71 0 2 1 3
-71 (T) 0 2 0 2
-71 MDR 0 1 0 1
-72 2 6 2 10
36-50 1 0 0 1
T41M9 3 0 0 3

12 21 10 42

275



ENGINE E JECTS

MODEL NUMBER : ALL

FROM 10/01/85 THRU 09/30/86

REMOVALS

LOW LOW LOW SHAFT COMPLRESSOR
MODEL NUMBER PRESSURE FLOW HORSE POWER INSTABLITY TOTAL

-106 0 0 1 0 1
-165 o 0 0 0 )
-180 1 2 0 0 2
-180L 0 0 0 0 0
-36-50 0 0 0 0 0

-397 3 0 17 1 21
-56 2 0 0 4 6
-56. 0 0 0 1 1
-70 6 1 0 9 16
-71 4 6 0 4 13
-72 5 4 -0 7 16

21 13 18 26 76



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09/30/87

REMOVALS

LOW LOW LOW SHAFT COMP/RESSOR
MODEL NUMBER PRESSURE FLOW HORSE POWER INSTABLITY TOTAL

-106 0 0 0 0 0
-165 0 0 0 0 0
--165-1 0 0 0 0 0
-180 0 0 0 0
- 180L 1 0 0 0 1
-397 0 1 12 1 13
-56 0 0 0 1
-70 0 0 0 15 15
-71 0 0 0 7 7
-72 0 1 0 16 17

2 1- 2 40 54

~277



ENG I NE REJECTS 9
MODEL NUMBER : ALL

FROM 10/01/87 THRU 09/30/86

REMOVALS

LOW LOW LOW SHAFT COMPLRESSOR
MODEL NUMBER PRESSURE FLOW HORSE POWER INSTABLITY TOTAL

-116 0 0 0 0 0
-165-1 0 0 0 0 0
-180 0 0 1 0 1."
-180L 0 0 0 0 0
-397 0 0 9 0 9
-56 0 5 0 17 19
-70 2 0 0 19 21
-71 1 2 0 30 32
-72 0 6 0 19 23
T41M9 0 0 0 0 0-

T-13 10 85 105

70



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/88 THRU 09/30/89

REMOVALS

LOW LOW LOW SHAFT COMPLRESSOR
MODEL NUMBER PRESSURE FLOW HORSE POWER INSTABLITY TOTAL

-106 0 0 0 0 0
-116 0 0 0 0 0
-165 0 0 0 0 0
--'65-1 0 0 0 0 0
-180 0 0 0 0 Q.-
-180L 0 0 0 0 0
-36-50 0 0 0 0 C'
-397 0 0 6 0 6
-56 0 8 0 8 12
-70 0 0 0 7 7
-71 0 1 0 25 25
-71 (T) 0 0 0 5 5
-71 MDR 0 0 0 0 0
-72 0 0 0 9 9
36-50 0 0 0 0 0
T41M9 0 0 0 0 0

0 9 6 54 64



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/85 THRU 09/30/86

FINDINGS

MODEL NUMBER WORKMANSHIP MATERIAL DEFICIENCY TOTAL

-106 0 1 1
-165 0 0 0
-180 1 1 2
-180L 0 2 2
-36-50 0 0 0
-397 .2... 3 5
-56 0 0 0
-56. 0 0 0
-70 5 3 8
-71 5 1 6
-72 8 4 12

21 15 36



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09/30/87

FINDINGS

MODEL NUMBER WORKMANSHIP MATERIAL DEFICIENCY TOTAL

-106 0- 0 0
-165 0 0 0
-165-1 0 0 0
-160 1 0 1
-180L 0 0 0
-397 -0 0 0
-56 0 0 0
-70 0 0 0
-71 0 0 0
-72 0 0 0

1 0

..



ENGINE REJECTS 0
MODEL NUMBER : ALL

FROM 10/01/87 THRU 09/30/88

FINDINGS

MODEL NUMBER WORKMANSHIP MATERIAL DEFICIENCY TOTAL

-116 0 0 0
-165-1 1 0 1
-180 1 0 1
-180L 0 0 0
-397 4 0 4
-56 1 0 1
-70 2 0 2
-71 1 0 1

- -72 2 2 4
T41M9 1 0 1

2 15

\S



ENGINE REJECTS

MODEL NUMBER : ALL

FROM 10/01/88 7HRU 09/30/89

FINDINGS

MODEL NUMBER WORKMANSHIP MATERIAL DEFICIENCY TOTAL

-106 4 0 4
-116 1 0 1
-165 1 0 1
-165-1 1 0 1
-180 6 1 7
-180L 0 1 1
-36-50 0 1 1
-397 15 4 19
-56 2 3 5
-70 5 0 5
-71 5 0 5
-71 (T) 1 0 1
-71MDR 0 1 1
-72 4 7 11
.36-50 1 0 1
T41M9 2 0 2

46 18 66



ENG I NE REJ E CTS

MODEL NUMBER : ALL

FROM 10/01/85 THRU 09/30/86

TOTALS

MODEL NUMBER NUMBER OF REJECTS

-106 6
-165 3
-180 61
-180L 6
-36-50 i
-397 51
-56 11
-56. 1
-70 40
-71 28
-72 74

282

0

Q0



ENG I NE REJECTS

MODEL NUMBER : ALL

FROM 10/01/86 THRU 09/30/87

TOTALS

MODEL NUMBER- NUMBER OF REJECTS

-106 1
-165 1
-165-1 1
-180 11
- 180L t-
-397 - 28
-56 2
-70 18
-71 9
-72 28

102



ENG-INE REJECTS

MODEL NUMBER : ALL

FROM 10/01/87 THRU 09/30/88

TOTALS

MODEL NUMBER NUMBER OF REJECTS

-116 1
-165-1 a
-180 25
-180L 4
-397 37
-56 Q"
-70 33
"71 35

-72 40
T41M9 3

209

ow



ENGINE REJECTS

MODEL NUMBER :ALL

FROM 10/01/88 THRU 09/30/89

TOTALS

MODEL NUMBER NUMBER OF REJECTS

-106 5
-116 1
-165 1
-165-1 1
-180 28
-180L 1
-36-50 2
-397 48
-56 18
-70 13
-71 3.-
-71 (T) 7
-71 MDR 1
-72 28
36-50 1
T41M9 3

191

0-
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REJECT SUMMARY

_ _SUMMARY OF REJECT DATA - 180 GTE (TOTALS)
FISCAL VIBRATION CAVITY INTERNAL REMOVALS TOTAL TOTAL
YEAR PRESSURE FAILURE REJECTS DELIVERIES

1987 3 6 1 1 11 94
1986 14 6 3 1 25 279
1989 16 10 2 0 28 104

_: _SUMMARY OF REJECT DATA - 180 GTE (% OF DELIVERIES)
FISCAL VIBRATION CAVITY INTERNAL REMOVALS TOTAL TOTAL
YEAR PRESSURE FAILURE REJECTS DELIVERIES

1987 0.03 0.06 0.01 0.01 0.12 94
1988 0.05 0.02 0.01 0.00 0.09 279
1989 0.k 5 0.10 0.02 0.00 0.27 104

-- _SUMMARY OF REJECT DATA - 397 GTE (TOTALS)

FISCAL VIBRATION CAVITY INTERNAL REMOVALS TOTAL TOTAL
YEAR PRESSURE FAILURE REJECTS DELIVERIES

1987 9 2 1 13 28 83
* 1988 16 1 8 9 37 185

1989 29 2 9 6 48 201

SUMMARY OF REJECT DATA - 397 GTE (% OF DELIVERIES)
FISCAL VIBRATION CAVITY INTERNAL REMOVALS TOTAL TOTAL
YEAR PRESSURE FAILURE REJECTS DELIVERIES

1987 0.11 0.02 0.01 0.16 0.34 83
1988 0.09 0.01 0.04 0.05 0.20 185
1989 0.14 0.01 0.04 0.03 0.24 201

1987 16,5 1989
VIBRATION 0.03 0.05 0.15
TOTAL REJEC" 0.12 0.09 0.27

1987 1988 1989

VIBRATION 0.11 0.09 0.14 ",
TOTAL REJEC" 0.34 0.2 0.24 __ _-

'0)

Page 1304-



zz

00

30



cr-4

00

cc
w 0
-0

0

(J)

.0 1.0 0 00 0 0
LO 0 tO 0 LO Co



ENGINEERING NOTES'Cl

EMPLOYEE -C -~&/ ~'DATE /T9 A,-::,-10 PAGE NO.

RCC i:!(-71 SUBJECT h- 4  A *. .

-4 II

C. -14 ,: e

7- 06 1 '.vR

-4. * 'a

-1 If 'Il

L.- . c, f b7- 'L - -

66e - .

*t x- mv.%/60 meW/ ~ v vkk '-e~vee yol-oos,

/A / /IH ~

DD SETO COEDB AENo 0/



ENGINEERING NOTES

EMPLOYEE - .' DATE ," f:7 PAGE NO.

RCC _ "__,_ _SUBJECT - f, /

S.

-17 • g
1

-p-

I,. I, f"In - J/3

,,!

I!-

- Sf J- -Li '

* " * ... - ,.. .

ta -I1 e -

• !I

,r'p Il 4'4 CE 'r.

O " , ..V- . .. 7-.y

'" ':";'.A n"" ....-

, ,, ; ,. - -'. * . ,_, ...,

- . -

" S% " 0,"j°I .,,a. . . ..

:- -.',,,'. "€ " ' "'

O DDB SECTION CODE DDB PAGE NO.

3 5S "



ENGINEERING NOTES (/!

EMPLOYEE - 77/-i' DATE !" ,-". 9c PAGE NO.

ROC . -- SUBJECT - ' . ,

[Y

- .. , - 7-- --

"- - ° -" - "- -:.--" I- .. . . . . f," :-

-I f t. I - ,#

I--.#  . t 'I" -

.0 f -2 ! -

--" "* 4  0
-, ,1 .1.- ..i.-;..-

r--" 1 / 1 -# , 1. , _

re/.. ,", -es- - j - 1

- 3 re.~-e.( b..hj k n,~ " u P.4 .!- Lo # T . "/l (c41 !_.

DDB SECTION CODE DDB PAGE NO.

30-



ENGINEERING NOTES

EMPLOYEE-----/' __________ DATE ' ' *PAGE NO.

RCC- ~ * SUBJECT . i.

kI I. -V 4 I4

- ~ r -,A 7 - .

1 ~ 4 L S"'2/e^eW

Ae JA.eA~,~a-

z . (.'/ S~

I j7l

DDB SECIN COEDBPG O



180 REJECTS (VIB) 7

180 REJECTS (% OF DELIVERIES)

0-.3

0.25

0.2

0.15 UVIBRATION

0.15

0.05

1987 1988 1989-

Page 1



397 REJECTS (VIB)

397 RF.JECTS (% OF-DELIVERIES)

0.35

0.3

0.25--

. 0.2 UVIBRATION

0.15 l TOTAL REJECTS

0.1

0.0

1987 1988 1989

Page 1



ENGINEERING NOTES ,oi 5

EMPLOYEE ;/',' ,i/A. *DATE /q t - PAGE NO-.

RO C 47x '_ z SUBJECT 2J' r i

-I p

Au-k e ep_.,'-eelI, )L°. o, o s N l'..<-€..

- I-

... - h /--

C..

DDB SECTION CODE DDB PAGE NO.

f3/-3( i2 '



ENGINEERING NOTES

EMPLOYEE .. ... DATE , PAGE NO.
R C C ! : r 7 # +S U B J E C T - , , - -. ' , ;

M/ f 7e

" C ., r. .C lo

jC w.e o

D T C

i DDR SECTION CODE__________ DDB PAGE NO.__________



ENGINEERING NOTES-

EMPLOYEE A-/iY., -DATE /-i , D PAGENO.

ROC i i'*. -. SUBJECT ., '- , ,

7 o, L
' " ' " If J)'., /, - /Z

,/

DDB SECTION CODE DDB PAGE NO.

3/5



ieo
T.O. 2G.GTCP85-43-7

WP 004 00

e. Balance. (See figure 2.)

NOTE
Tools called out in the following procedure are for use on a standard IS or
13S Gisholt balancing machine.

(1) Balance in accordance with WP 003 00, paragraph 7.s.

(2) Mount impeller on 281890-1-1 arbor, tighten-nut and torque to 50-inch-pounds and place in a
balancing machine.

(3) Direct air on the impeller blades using 284383-1-1 drive assembly or belt drive.

(4) Balance shall be within 0.007 ounce-inch in planes-L and M.

(5) Remove material, if required, from between blades item 1 within specified limits. Surfaces where
material has been removed must blend smoothly and have a surface finish of 63 microinches or
better.

(6) Remove material, if required, from item 2 within specified limits. Surfaces where material has
been removed must blend smoothly and have a surface finish of 80 microinches or better.

(7) Remove material, if required, from blade corners item 3 within specified limits. Surfaces where
material-has been removed must blend smoothly and have a surface finish of 80 microinches or
better.

(8) Remove material, if required, from item 4 within specified limits. Surfaces where material has
been removed must blend smoothly and have a surface finish of 63 microinches or better.

(9) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(10) Corrosion treat reworked area in accordance with WP 003 00. I
(11) Package in accordance with MIL-P-116 to prevent damage.

698192

Change 4 113/(114 blank)



T.O. 2G GTCP85-43-7

0P 004 oo

DM AA
DIM. AB

DIM. AD 
START OF 

-

MATERIAL
REMOVAL

REMOVE MATERIAL FROM ADJACENT
AREAS TO MINIMIZE STOCK REMOVAL

23 FROM AREA OF IMBALANCE.RAD AE

DIM. AC YI H DES

BOTH SIDES

PRIMA RU ACE

PLN M
*DIM. AQ

' - :-DIMM.AQt

MATE PRIMARY RUNOUT SURFACE

+ / +' DIM.--AM.- PLANE tL - . ,l + DM A
ALTERNATE RUNOU, SURFACE DIM..AK

DI- AS DIM. AK

SECONDARY BALANCE AREA •
MATERIAL MAY BE REMOVED REMOVE MATERIAL FROM AREA SHOWN- "'

FROM THIS AREA FOR BALANCE THROUGH A 60 DEGREE ARC

0.120 DEGREES ARC MAXIMUM ALLOW 0.10 INCH BETWEEN AREAS

DETAIL B 1-19A-9342

Figure 2; First Stage Compressor Impeller (Impeller) - Balance

698192
Page 1-1
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T.0. 2G-GTCP85-43-7

WP 004 00

Dimensional Limits, for Figure 2

DIM'.-AA 0.150 inch qinimum DIM- AK 0.590 inch maximum
DIM. AB 0.400- inch ,maximum DIM. AL 0.770 inch minimum
:DIM. AC 0.100 inch maximum DIM. AM 1.090 inch maximum
-DIM. AD 0.32 to 0.38 inch RAD AN 0.050 inch minimum
RAD AE -0.45 inch maximum DiA AP 1.637 inch minimum
DIM. AF 0.25 inch ma-i'mum. DIM. AQ 1.100 inches minimum
DIM. AG 0.33 ihch maximum DIM. AR )0.120 to 0.140 inch
DIM. AI 0.050 inch maximum DIM. AS 0.090 inch maximum
DIM. AJ 0.130 inch- minimum

.698192
Page 12
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2.15 (PROPOSED) WATER BLAST CLEANING SYSTEM

DESCRIPTION: Replacement of rubber seals on jet engine fan cases
requires the prior removal of the old seal. Current methods
include hand scraping, grit blasting, and solvent stripping. This
project proposes to employ a robotic controlled high pressure water
blaster to replace the labor intensive manual methods. The current
method requires 2 1/2 hours per fan case while the proposed system
will do a better job in about 25 minutes.

SCOPE: The new cell will utilize a programmable or manually
positioned high pressure spray nozzle to direct a water blaster
stream at components mounted on a turn table inside a spray booth.
The system is totally enclosed to eliminate the possibility of
injury to operating personnel.

FUND SOURCE: Proposed PRAM M IMPLEMENTATION DATE: TBD

POC: 1Lt Kurt Spilger, MATEC, AV 945-8521.

li
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5.6 (PROPOSED) MULTI-STATION PORTABLE BLENDING AND DEBURRING
SYSTEM

DESCRIPTION: This system will augment the SA-ALC/MA
Auto-Prompting Inspection Station (APIS). Each of the APISs will
have its own blending and deburring system. These portable
blending and deburring station will consist of individual hooded
carts, which incorporate a grated work top with a vacuum system.
The vacuum systems will eliminate the dispersion of dust particles
into the working environment.

SCOPE: Parts received by the APIS require deburring to be
accurately inspected. The inspector must often use tools to
deburr or blend rough edges. As this operation is performed,
tiny particles are dispersed into the air. These particles can
cause serious malfunctions in the CMMs or the computer, rendering
the inspection system inoperable.

FUND SOURCE: TBD IMPLEMENTATION DATE: TBD

POC: Manuel Diego, HATEA, AV 945-8885

I,
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R CC~ 7 _)F SUBJECT (5770

7126/90 - Thursday

Scott Vroman, Ken Premo, and myself met with Danny Gonzales to
discuss various points of interest in regard to the GTE task order. Mr.
Gonzales had just returned from AFLC Headquarters, where he was
successful in obtaining funding for an expert system/parts tracking
package for the GTE area. We were all quite pleased to hear this, as we
believe that this area could greatly benefit from such a system properly
implemented. ! was somewhat surprised at the aggressive schedule that
was set for implementing this program. The hardware is to be installed
and functional by Jan. 1, 1991, and the software and configuration is to be
operational in April '91. As Mr. Gonzales pointed out, this will be a
rigorous schedule. I hope that we can assist him as much as possible
through our efforts in this area.

The following notes represent my understanding of the system.
Anyone interested in more detailed information should contact Mr.
Gonzales directly. As I understand it, the system to be installed has an
AT&T 3B2 system at its heart, with 40 terminals placed throughout the
GTE process area. The system will support bar code and automated
tracking functions, and should allow data collection throughout the
process, including the parts pool. The system is to be integrated with
existing data systems, and all efforts will be made to configure it in
support of DMMIS functions. The desired result, in addition to a more
manageable production process, would be the ability to charge the user
commands for actual hours expended on specific end items. The proposal
presented to the AFLC personnel included an estimated ROl of 20:1, a
proposed reduction in labor by 10%, and a reduction in stock items by 10%.
The software system, and the contractor to be used in configuring this
system, has not yet been identified.

DDB SECTION CODE______ DDB PAGE NO.
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REPAIR TECHNOLOGY PROJECT

1. Title. Automated Fluorescent Penetrant Inspection Process AFPIP

2. Objective.. The project will cover the automation of the entire process of
Fluorescent Penetrant Inspection including the black light inspection. The
computer will scan the surface of the aircraft part for any flaw. With the
use of Artificial Intelligence, the computer will determine if the part is
acceptable.. . .

3. Cost of the Effort. EstimatedAFSC MANTECH $ 1,500,000.00 needed to
complete proposed project.

4. Description of the Technology Deficiencies:

a. Maintenance & Repair Operations: -

(1) The Technology Repair Division is involved in the overhaul of 17
models of Aircraft Starters, 13 models of Gas Turbine Engines, the F15
Secondary Power System and the F16 Engine Start System. The Weapon
Systems that are supported are: F100, 852, C135, A1O, KC135, F4, Fl11,
C130, F106, F101,, C141, C140, C5,- F15, & F16. -

(2) The Maintenance Operation involves the overhaul of'the assets
mentioned in the preceding'paragraph. The overhaul process includes
disassembly, cleaning, fluorescent penetrant inspection, dimensional and
visual inspection, repair (when needed), and assembly.

The required fluorescent penetrant inspectiot: involves immersing a
basket full of parts in 3 chemical filled tanks, water rinsing the parts
twice under black light, drying the parts in electric dryers, and finally
inspecting parts under black--light (in a dark-room) for cracks and
imperfections. -"

b. Technology Deficiencies: ; -

(1) There is no uniformity in the way black light inspection is being
done. By automating this process, the computer will detect the, flaws or
cracks, quantify the crack, compare the results with technical order
guidelines, and determine if flaw or crack is within or outside technical
crder guidelines.

(2) The chemicals are presently being replenished every month because
of contamination or weakness in its concentration.

(3) Present set up exposes the operator to the hazards of the
chemicals used in this process. Elimiriting operator exposure to these
chemicals will be a welcomed rhange.

(4) There is lack of uniformity in the application of the chemicals on
parts in Bldg 329. There has'exessive amount of penetrant in some
instances and other times there is not enough of penetrant chemical.

0



(5) There is no uniformity in the rinsing process. This process is
tedious in most cases. The operator has to work-in a darkroom with the
black light on and rinse excess penetrant chemicals off the-part.

(6) The present set up requires the operator to push'baskets on the
roller conveyor, attach 'the, basket'to the overhead conveyor for immersing
'in the chemical tanks,'and liftingbaskets from one station to another.,

(7) 'This area is'a bottleneck in Bldg 329 Kll'AFB.I The volume of
parts needing fluorescent penetrant Inspection:overwhelms'the existing set
up and the personnel involved in this process. ' ,These personnel are often
•requested to work overtime to catch up with. 'the flowof, parts.~~~~~~~~... ............. .-...........". ";..... ,'..,,. ,': '.
c. Suggested Approach: A'fully automated fluorescent penetrant

4~ inspection (FPI) line will resolve all the deficiencies/that were:
discussed. The system will be similar to the IBIS in Bldg 360, Kelly AFB.
The major-difference is the:automation of the black light Inspection'
process. This will include a robotic arm that-will pick up thepart to be
black light inspected, place it in the field of view of'the fiber optic
lens, detect flaw, quantify the flaw, evaluate'the flaw, determine if flaw
is acceptable with use of artificial intelligence, and print results of
the inspection process. An automated material handling system will be
use' to"move the baskets and most 'importantly to obtain-the correct dwell
time for the chemicals to cure.- By utilizing electrostatic'spray system
in the application and dispensing of the chemicals, it will reduce
.chemical w':,3e by an estimated 60%, eliminate personnel contact with the
chemicals and have a uniformly applied coat of penetrant, remover and
developer chemicals on the part.

5. Only' existing system coming~close to the suggested approach is the IBIS
in Bldg 360, Kelly AFB. Item was contracted to General Electric. Project
engineer for the IBIS is James Wheatley, 512 925 7716.

6. Policies and Procedures Guidance: All policies and guidance for the
overhaul of the assets are provided by the technical order of each respective
end item. Present process and procedure can be implemented by amending a
statement in the technical orders which will allow ,electrostatic application
of the chemicals. . . *

7. Cost and Benefits: '"".-".. ' '

a. Workload. FY 89 Cartridge and Air Turbine Starters.. 3,232-units
Gas Turbine Engines.. ' 1,174 units
F-15 Secondary Power System.. ., '1,681 units
F-16 EngineStart System... "- 394 units,

.FY 90 Cartridge and.Air Turbine Starters... 952 units'
Gas Turbine Engines.. ,. 835 units
F-15 Secondary Power System.. '" 1,330 units
F-16 Engine Start System.., 400 units

The following items are projected workload:

FY 91 Cartridge and Air Turbine Starters.. 852 units



* RECOMMENDATIONS FOR-FLUORESCENT PENETRANT INSPECTION (FPI)

PHASE I - PROCESS QATA

* Collect time data on FPI process steps- and- blacklight booth
throughput.

*,Develop process model.

- Determine what -per cent of GTE parts get mandatory FPI.

* Determine what per cent of the remainder are receiving optional
FPI.

• Determine what per cent of the parts receiving FPI have cracks.

* Determine how many cracked parts are condemned, how many are
repaired, and how many- are accepted as is.

* The above information is required to: Justify any further activity.

PHASE II- LOW TICKET IMPROVEMENTS (VERIFY BY PROCE. MODEL

* Manual electrostatic spray booth for penetrant application (<50k).
This will solve the chemical dragout problem but may not improve
productivity.

, Switch from Level 3 sensitivity post emulsifiable penetrant
system to a Level 3 or Level 4 sensitivity water washable penetrant.
This will eliminate the hyrophilic remover and one rinse operation.

* Add a third blacklight booth. This will increase throughput and
.reduce the need for inspectors to spenm twelve hours a day inside
the booth. This leads to operator fatigue and, the possibility of
missed indications.

.4j

PHASE II - AUTOMATION

if justified by the data, automation will be limited to the
processing line.

3, 5
-4
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95% of the interpretation in Bldg. 360 is performed by inspectors,
not by the automated laser scanning system.

° Hardware configurations in Bldg. 329 are too varied and complex to
lend themselves easily or economically to programming for laser
scan. .--

r The current system- of purchasing chemilcals allows the possibility
Sof :combining different materials in the ,same tank. If this is actually

happening, it, should be stopped. Reliable and repeatable inspection
depends on selecting a penetrant system and staying with it-

'1- -
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COLD JET, INC.
TRIP REPORT

GREG GARDNER
10/16/90

I Visited Cold Jet, Inc. (Cincinnati, OH) w/Sadie McFarland. The
purpose of the visit was to evaluate the application of a C02
blasting process to cleaning engine parts. Sample parts from MAE
and MAT were used to test the application of this technology to the
current SA-ALC cleaning processes.

C02 blasting equipment is currently manufactured by two companies
- Cold Jet and Alpheus. The Alpheus technology is older. It's
cleaning action is based largely 'on kinetic energy imparted to the
cleaning surface by the high-pressure impact of 002 pellets. Cold
Jet's process is optimized for maximum thermal effects and places

* less emphasis on kinetics. -Cold Jet uses a lower blast pressure and
heavier pellet density than Alpheus. Both manufacturer's equipment
is currently installed in AFLC.

Alpheus has a blast booth installed at OC-ALC. During MDMSC's
evaluation of OC-ALC cleaning technology (1 Aug 90), OC-ALC
engineers reported that the Alpheus process worked but required a
chemical clean/strip prior to C02 blasting. The equipment was
described as reliable and they complimented Alpheus on their
customer support.

Cold Jet equipment has been purchased by WR-ALC and installation
has begun. The equipment is not yet in use (due apparently to
facilities problems - insufficient electrical wiring in the WR-ALC
hangar), and MDMSC has no performance data.

In an unrelated effort, McDonnell Aircraft Company (McAir). conducted an evaluation of both vendors and recommended Cold Jet

~3o27



as the process of choice for aviation applications. A copy of this

report was provided to MAE engineering staff.

The Cold Jet equipment consists of:

Cold Jet Blast Unit:

This unit produces the 002 pellets (from liquid C02) and provides

nozzle pressure (regulated) for blasting. These units come in single,
double, and triple nozzle configurations. The facilities foot print of
these units is 4 x 6 (single) or 4 x 8 (double/triple). The input
requirements are:-

Electrical power (consumption rate UNK)
Liquid C02 (nominal temp = 00F.)_
Pressurized air (pressure is as required - max rating is 350
psi). This can be shop air or pressurized dry air or another
inert gas.

These units are reported as highly reliable. While no MTBF/MTTR
figures were immediately available, Cold Jet reported that 95% of
all unscheduled failures were repairable in less than 20 min. The
vendor provides a 1 year warranty, plus a 24 hour guarantee on
return to service (a 24 hour hotline is maintained). The units are
maintained on a 100 (operating) hour PM schedule.

MAX C02 consumption is 1400 lbs/hour.

Blast Nozzles:

The units are equipped with a broad assortment of nozzles for
various applications. Nozzles can be customized to fit specific
applications. The nozzles can be changed by the operator in 5 - 10
seconds without shutting down the unit (Blasting must stop,
however, for safety reasons). The nozzles are connected to the blast
unit by insulated cryogenic pressure hose. The nominal length for



* this hose is 60 - 100 ft 'but this can be increased to over 300 ft if
necessary, or shortened as required.

Flow splitter units are available which allow one blast unit to
deliver pellets through multiple nozzles or switch between nozzles
as required. MDMSC saw a cleaning station designed for Ford, Inc.
(stripping automobile conveyor carriers) that used one blast unit to
support multiple nozzles in various arrangements. The plumbing was
very involved but appeared well constructed.

Child Blast Unit

This is a portable unit which does not produce its own pellets. It
stores pellets from a pelletizer or a blast unit and delivers them to
the part. Those units contain about 700 lbs of C02 pellets.

CO; Tank Unit

O The tank contains liquid C02 maintained at 0°F. This is pure (food-
grade) C02 reclaimed by the manufacture (Liquid Carbonic) from
other manufacturing processes. Delivery pressure is 300 psig.

Costs for this equipment was provided as:

Single Blast Unit - $ 150K
Double - $ 250K
Triple - $ 330K
Child - $ 50K
C02 2.5 0/lb delivered

Cold Jet reports their equipment is currently used by Delta,
Northwest AL, Federal Express, and Boeing Corp.

A variety of parts were cleaned, with various degrees of success.
* The details of the cleaning process (and results) are documented on

the video tape entitled "Cold Jet/MDMSC/IPI Test 16 Oct 90."

3Q2?
I



The process was extremely effective in removing grease, oils, heavy
carbon/coking, gaskets and sealants, and paint from heavier
substrate items.

The process was less effective in removing primer from thin sheet
metal parts, although it was able to accomplish this.

The process was ineffective at removing burnt carbon that had
bonded with the metal substrate surface; It did not produce white
metal.

* MDMSC will provide video and photo documentation on these
parts to MAE/MAT engineers.

* The engine blade blasted will bel shown to the MDMSC FPI
expert whenever I can get him down here. We want to know if it
could be, inspected by a modified FPI process.

* Will ask Lisa Baumgardner to get details on NWA, Delta, and
Fed Ex use of the technology (and how they really like it).
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d .~J, FLOW POESCHART
SUBJECT-l DATEQ. RCES2Y'P"~

00E CODE______6_WCD DATE efi&
PCX C _ __ _ _ _ _ _

Nsm

CHART8BEGINS 0 JO -

CHART ENDS .J QPREPARED BY 4~~

OP. N~O.L OP. NO.OL DESCRIPTION OP RFE WD SYMBOLS DESCRIPTION
OP.NO. OP.NO.OP. NO. OP. NO.

o~a/'OcODUV £p Vii _____ OC DOV
020 -020 OcDNV ~ rr ___ DOV
0 ' -o3o Or>DUV Ti-rr M~~ ____ 'DOV
050qo -t O>DUV 00010_~DV _ _ _

01'DSVT -_ OC DOV __

___ ___h __ O D JV __

040 00J OII*DUV ___- r?_ IsOODOV _ _ _

_100o /00 O*DOV giA.A ____ OLMDUV
__ 0 _____V ___ __ OCODOV

no j 0 ODOV 0 ___OIDOV

O1>DOV __ _ _____O DOV _ _ _ _

01>DOV ____ __ODOV

101> O D V, __ __ _ _ 'DOV _ _ _

0O>DOV __ _ _ _ _ _ODOV____

___ ODOV __ __ODOV

___O'DOV __ __OODOV ___

O'D V _ _ _ODOV ______,

K O'01DOV __ _ _ rDEOV _ _

- O>DOV __ _ __ __ _OODEJV

OMDOV _______ >DOV

MO'EV _ ___Oi>DOV

___ QIDOV ~ OA>DOV____
O&DOV 0!>DOV

- OODOV OODEIV
- ___ ODOV ___O'DOV

___ O DOV __ _ __ _ _ __ 'DO V

___>DO __ __ _ _ __ _ __ LDCv"_ _

___ 0c'DOV __ __ _ __ _ _ _ __ _ __ _

____OV __ _ __ _ _ _ _ _ 0DOV,

o OPERATION V STORAGE Q INSPECTION
1> TRANSPORTATION D DELAY LSC-20147
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-LWPROCESS CHART Zri' J. j48?
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W.2071 PRODUCTION HISTORY -REIEW DATE: 90/08121 10:36:27

LIST BY: t -MODJCTION-NBR: 13094A FYQ:
- FYQ: 683 PRODUCTION-NIa:

- PSSD: PREDUCTION-NBR:

F M IND-S It"- CKF-S UP-1 0O-S WM CONiD-S Mt"1-ff Ei-MT

- 1309A 83 50 0 38 0 33 0 0 0 .0
+ I 13094.q M 24 0 34 0 2- 0 0 0 396.1

13094A 891 32 0 42 0 0 0 0 0 359.6
13094A 892 32 0 32 0 0 0 0 0 401.0iI'1 13094A 89 102 0 0 32 0 0 0 411.4

- 13094A 894 126 0 0 97 0 0 0 413.6

" 30A 901 214 0 0 117 0 0 0 414.6
13094A 901 24 0 0 117 0 0 0 414.6
1394 903 0 0 64 0 0 0 411.0

0 0 0o 00  0 0 0 0 .0
0 o 0.0 0 0 0 0 .0
0 0 0 0 0 0 0 0 .0

F4 - LIST PROD HISTORY F12 - U__ SC FI6 - REEETL
F5 -LIST NEXT-FRM fig 13 - 10 S:--6-- LOSOFF

*. 02713: END OF SELCTED DATA HYAS EEN REPZHED

.1
-I!:I --

- 1J

I

*0

,45

I I

* p



-A R2071 PRODUCTION HISTORY REVIEW DATE: 90/08/21 10:36:41

LIST BY: t PRODUCTION-1NB: 13095A FYQ:
- FYQ: 883 PRODUCTION-NR:
. PSSD. PRODUCTION-NBR:

: FYQ IND-S IND-M C9-S CMP-M OWO-S OWO-M CON:SCOND-M EI-LAB-STD

: 13093A 883 44 0 53 0 17 0 0 0 ,0
- '3095A 884 57 0 47 0 27 0 0 0 413.3
, 13095A '891 20 0 34 0 11 0,  0 -0 406.2.

13095A 692 ?5 0 17 0 19 0 -0 0 40 A
, 13095A 893 20 0 0 17 0 0- 0 420.7

3 13095A P94 46 0 0 32 0 ,0 0 421.6
13095A 901 30 0 - 0 44 -0 0. 0- 419.0-
13095A 902 20- 0 U 0 34 0- , 0 419.9

; 13095A 903 20 0 o0 31 0 0 0 389.2
3 0 0 0970 0 .0 0 0

0 0 0\ 0 0 0 0 0 .0
0 0 0 0 0 0 0 0 .0

F4-- LIST PROD HISTORY F12-- CLEAR SCREY). F16 - RETURN
-- F5 -LIST NEXT PROD HST F13-- HFLP SF16 --LOGOFF
, R22713: END OF SELECTED DATA HAS BEEN tEACHED

44)74:O

I



NEGOTTATED- AQUIREMENTG REVITEW RCS LJ--G402A-7LA PAUL,.. ±

PSSD: NAMEJ- CORTiNA-Z J B329 -RM2A PHONE: 54&6 ,7

END ITEM-
PSSD -PDN IDEN VTY RGC FYQ -- INPUT REQMT-- -- OUTPUT REQMT- D073

S-GEN- M-GEN S-GEN M-GEN NEQM-

MTPG9E 13094A 283S012422189 J 883 25 -0 38 0 57
4 TPG9E 13094A 28350"12422".89 J 884 26 0 34 0 57

MlTPG9E. 13094A 28350124221.89 J- 891 32 'o 42 0 8o

MTPG9E lo094A 283501.2422189 J 892 32 - 320 251
-MTPG9E :13094A 2835012422189 J 893 102 0 66 -0 135
MTPG9E 13094A 285012422189 J 894, -81 0 62 0 282
MTPGgE 13094A 283M-0124224L'89 .;3-,_ol 60 0- 51 0 282
MTPG9E 13094A-28350l..2422189 J, 902 46 0 46 0 69

MTPG9E 13094A 28350124221.899 50 0 to

MTPG9E "13094A 2835012422189 J 904 is 0 54 0 "163

MTPG9E 13094A 2835012422189 J 91.I 31 0 0 0 0
MTPGE 13094A 2335012422189 J 9:1-2 47 0 61 -0 61
MTPrG9E 1-3094A 2835012422189 J 913 17 -0 34 0 34

MTPGgE 13094A 283501242219 J 914 3"1 b 0 0 0
MTPG9E "13094A Z'83012422189 J 921 0 0- 0 0 61

AIt" ' "

A

. 35

- I

I

-=4 A ,!4 -- Z



:I PSSD: NAME: COR'rINAZ J B329 RM2A PHONE: 54667

END -TEM
PSSD' PDN .-IDENTITY RGC FYQ -- INPUT REQMT-- -- OUTPUT REQMT- D073

S-GEN 14-GEN S-GEN M-GEN REQMT

- PG9E 13095A 28W012410074 J 883 44 0 57 0 44@
i TPC19E 130'5A 2835012410074 J 834 57 0 47 0 44
MTPG9E 13095A 2835012410074 J 891. 33 0 34 -0 34
MTPG9E 13095A 283S012410074 J 892 25 0 25 0 48
MTPG9E 13095A 2835012410074 J 89.3 32 0 22 0 143
MTPG9E 13095A 2835012410074 J, 894 31 0 32 0 301
MTPG9E 13095A 28350124'10b74 J- 901 30 0 18 0 30'1

, .MTPG9E 13095A- 2835012410074 J,- "902 20 0 30 0. 1S0
MTPG9E 13095A 2835012410074 J- 903 20, 0 34 0 40
MTPG9E 13095A 283Sb12410074 J 904 59 0 67 0 72

-y MTPG9E '13095A 2835012410074 J 911 0 0 0 0 0
MTPG9E 13095A 2835012410074 J 912 0 0 0 0 0
MTPG9E "13095A 28350124100T4 J 913 0 0 0 0 0
MTPG9E "13095A 2835012410074 J 9:14 0 0 0 0 0
MTPG9E '13095A 2835012410074 J 92"1 0 0 0 0 0
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MEMO
11 N Subject: GTE work sampling considerations.

To: Pete Garza, Danny Gonzales

*1 CC: S. Schattle, G. Gardner, D. Hayward, B. Castle, Y. Medina,
R. Lozano, (other involved ALC personnel as required)

From: Phillip Parker, MDMSC

These are my initial thoughts on work sampling in thr- GTE
repair process. I would suggest that we select those parts which
have historically long flow times and/or complicated repair
processes (in order to limit the study to a realistic number of
components). For this reason, many of the parts which travel to

various backshop operations are prime candidates. I would further
suggest that the tracking of parts in MATPSI and MATPGB be
restricted by the same criteria, as these areas have- certain limiting
factors which could adversely affect our goal in performing this

: : :lanalysis (i.e., production's request that we limit impact on their

processes, the present surge in production of these items, etc.). The
use of data elements from previous efforts in these RCCs, wherePij applicable, should be considered. These data elements would

>3 naturally require validation by informed ALC personnel as to their
- j accuracy, on a case by case basis.

Once- the component parts to be analyzed are identified, the
tracking of these items should be restricted to the flow time in and

j out of an RCC, as well as between the various RCCs. This should
avoid the possibility of a Union grievance based on any
misperception by Labor that we are auditing specific technicians,
which is certainly not the case. I also feel that restricting the
tracking of components to overall flow times in the various RCCs
will provide data of sufficient accuracy to characterize the GTE
process for modeling purposes at this time. This would not remove

j' the need to obtain estimates of the "hands-on" labor times within an
RCC. Again, any relevant data from existing studies should be used
where possible. In my opinion, the labor times should be obtained
from, or at least validated by, the RCC's first line supervisor. Figure
One, shown on last page of this memo, illustrates these ideas.

and I feel that the personnel most qualified to log these parts in

and out of the various RCCs would be the schedulers/expediters, who

9i
_4 _<1



are responsible for parts routing. Again, this would lower the
S(T 'impact to production, and would further provide a more defined

accountability system for the study. It would also be necessary to
identify the personnel in the parts pool who would be responsible for
logging the parts in and out of this area. I would suggest that we
track specific components to the the parts pool, and at the same
time track like components J= this area to the assembly shops.
The reason for this would be the assumption that items tracked into1 • "the parts pool may reside therein longer than the length of the IPI
contract. As the specific items tracked into the parts pool do exit
the system, ALC personnel can begin to analyze the dwell time in
this area, which I assume to be relatively long.

Functionally, I would'suggest some form of visible- tagging of
the components to be tracked. This is an area in which I would
appreciate feedback from involved personnel. I can think of several
methods of identifying the components, all of which have both
strengths and weaknesses. The tracking of items by specific serial
number would be most accurate, but would require more time and
effort on the part of the scheduler/expediter logging the item.
Attaching a dated tag to the part would be relatively simple, but the93 tag would need to be removed for many process operations. A
significant probability of lost tags exists. Attaching the tag to the
item's WCD would lower this risk, but would also require more
effort on the part of the scheduler/expediter. It would also invite
the criticism that we are tracking only paperwork, not actual
components, as we assume that WCDs can become separated from
their associated parts during batch processes. (Personally, I feel
that an argument could be made for this method, but I would like to
hear comments from involved personnel first). Finally, the number

1. of like parts to be tracked must be identified given the
consideration that a certain percentage of tracked items will be
delayed, condemned, or otherwise lost during the study. These would
then be unavailable for use in constructing the simulation model
files.

Risks -
- Possibility of a Labor grievance due to misperception of our intent.
- Impact on production due to additional paperwork/tagging tasks.
- Impact on scheduling/expediting functions due to additional duties.
- Possibility of data unavailability in time for model validation.
- Possibility of skewed data given high visibility of tagged items.
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GTCP85-180 GTE

-PARTS LIST

No~un EM
1. Combustion Chamber Liner 899244-3
2. Torus Turbine 968959-2
3. 1st Stage Inlet Assemly 698197-1
4. 2nd Stage Compressor Housing 698198-
5. Wheel and Shaft Assymbly 3606982-1
6. 2nd Stage Diffuser Housing 6981-95-1
7. Turbine Plenum 977106-1
8. Combustion Cap 695709-4
9. Flange 379692-20

10. Vent Tube 372844
11. Containment Ring 968958-2
12. Exhaust Pipe 899607-1
13. Turbine Nozzle 968886-1
14. Turbine Wheel Shroud 968233-1
15. Nozzle Bolts 968972-1
16. Nozzle Spacer 373685
17. 1st Stage Compressor Diffuser 6981-94-1
18. Air Duct 372696
19. Air Seal 378854-30
-20. Bolt 379541

{ 21. 2nd Stage Compressor Diffuser 892290-1
22. Oil Breather Fitting 241102
23. Bearing Housing 696659-160
24. Shroud Support 968984-1
25. Bearing Housing Flanges 969008-1
26. Oil Tube 694040
27. Oil Breather Tube 899431-1
28. Shaft Spring 379663
29. Tube Spring 74994
30. Carrier Bearing 695753-1
31. Tee 692755-10
32. Orificed Tee Assy. 692755-40

. 33. Impeller Retaining- Nut 379523
34. Round Plain Nut 379721
35. 1st Stage Compressor Impeller -698192-4
36. Turbine Bearing Spacer 693588
37. 2nd Stage Impeller 698193-4
38. Balancing Wheel and Shaft 968095-5

-Noun P/

j17/c "fe7 -/4t 'I



39. Bearing Retainer 977895-1
40. Planetary Carrier Assy. 378916
4i. Accessory Case Cover 977078-1

I 42. Mount Plate Flange 692070
43. Oil Pump Baffle 72906
44. Rotating Assy. Washer 73276
45. Fan Shaft Nut 73097
46. Torsion Shaft 379657
47. Accessory Drive Shaft Assy. 75285-4
48. Main Drive Bevel Gear 73742
49. Gear Retaining Ring 74347
50. Generator Drive Gear Assembly 75331-4
51. Fan Idler Gear 73849-
52. Overspeed Drive Gear 72004
53. Spur Gear 692531
54. Nut 75334
55. Bearing Retainer 75969
56. Generator Bearing Housing 371-728
-57. Switch Shaft 73268
58. Fan Shaft- Spring 372080
59. Planetary Gear Set 75282
60. Planetary Gear Shaft 74339
61. Planetary Gear Bushing 74340
62. Spur Gear Assy. 371551
63. Compressor Bearing Retainer 379485
64. Bearing Spacer 73067-1
65. Spacer 370344
66. Fan Idler Gear Shaft Assy. 371856

r 67. Main Shaft Seal Retainer 75333
68. Fuel Pump Drive Shaft 3603685-3
-69. Compressor/Turbine Assy. 969197-3
70. Final Assy. Engine 380834-1- 5 (or -1-7)
71. Wheel/Shaft Assy. *

72. Balancing WCD W/S & Impeller

-A7
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"  GTCP85-397 GTE
PARTS LIST

i NOUN .P/,N -

1. Rigid Tube Assembly 694681
2. Flexible Braided Hose 399-594-9002
3. Planetary Carrier Assembly 37891 6-11
4. Planetary Carrier Housing 75532-3
5. Gear Assy 75283
6. Shafts Planetary 743397. Spur Gear Assy 371551

8. Planetary Bushings 74340
9. Preswirl Vane Housing Assy 75970

10. Mount Plate Flange 692070
11. Oil Cooler Fan Assy 75973
12. Acc. Drive Shaft- Assy 75285-4
13. GearAssy Dr. 75331-2
14. -Fan Bearing Retainer 75969

i 15. Gear Ring 76389-1-
16. Overspeed Switch Shaft 73268
17. :Overspeed Switch Bushing 73267
18. Bearing Set Spacer 73067-1
19. Starter Barrier Guard- 375652-2
20. -Starter Motor Spacer 372763
21. Fan Idler Gear 73849
22. Fan Idler Shaft Assy 371856-1
23. Fan Shaft Spring- 372080
24. Bearing Retainer 73939
25. Bearing Generator Dr. Housing 371728
26. Bearing Retainer 75858
27. Main Shaft Seal Retainer 75333
28. Spur Pump-Gear 692531
29. Overspeed Switch Drive Gear 72004
30. Main Drive. Bevel Gear Assy 73742
31. Retainer Plate 370116
32. N.D.I. Cover Sheet (4 brg Eng) *
33. Combustor Cap Assy 37-9213
34. Accessory Case -Housing 3604090-1
35. Diffuser Housing 1st Stage 372933-2
-36. Compresor Rotating Assembly 371690/378101
37. 2nd Stage Impeller 372556
38. Bearing and Seal Housing 693368

3 3
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*1

b : - : I NOUN PIN/

39. Interstage Air Duct 76538
40. Torsion Shaft 371143
41. Bearing Mount Assembly 379483
42. Bearing Retainer 74517
43. Retainer (2 each) 379219
44. -Spring 75675
45. Spring Str Dr. 11-4877
46. Insulator 74661
47. Fan Idler Gear Shaft Assy 6"3522
48. Overlay Work Control Document *

49. Compressor Housing *
50. Compressor Shaft Nut 70876
51. Final Assembly GTCP85-397 380212-1-8
52. Bearing Sleeve 358066-1
53. Turbine Rotating Assy- 696327-2
54. Turbine Wheel Assy (New) 696327-2
55. Heat Shield 75157
56. Branched Oil- Jet Nozzle 693155-100
57. Turbine Bearing Spacer 70866
58. Turbine Bearing Spacer 693327
59. 1st Stage Impeller Assy (Mat.set) 378101-1
60. Oil Drain Filling 74623-1
61. Oil & Breather Fitting 75678-1
62. Oil Breather Tube 376939
63. Oil Jet Tube 693157
-64. Bearing (Turbine) Retainer 693263
65. Elect. Comp. Maintenance *

i 66. GTE Mag. Parts Cleaning *

67. GTE Al. Parts Cleaning
68. GTE Steel Parts Cleaning
69. Assemble Planetary Gear Assy. 373444-18
70. Accessory Case Disassembly 372896-16
71. Accessory Case Final Assy. 375645-16

i;-1
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S GTCP85-180 GTE
PARTS LIST

NounELMI
1. Combustion Chamber Liner 899244-3

La~bor.(E~fl ar STD., WQ Et -Model Output -
MATPGB: Work Sample-
MATPSI:

MATPNN:
MATPNC:

MATPGB: Work Sample-
MATPSI:
MATPNC:
MAIPNN:
MATPNB:
MAEIMA:
MAEPDB:

3. 1 st Stage Inlet Assemly 6981 97-1
Lao-(S[ Labor Sfl2. W Et Model Output -

I. MATPGB: Work Sample-
MATPSI:
MATPNC:
MATPNN:
MATPNB:
MAE1AA:
MAEPDB:

4. 2nd Stage Compressor Housing 698198-
Labor .(ESI[l LaborSTD, D Est. Model Output -

F MATPGB: Work Sample-
MATPSI:
MATPNC:
MATPNN:
MATPNB:
MAEIAA:

~ MAEPDB:



GTOP85-397 GTE
PARTS LIST0

1. Flexible Braidae Hose 399-594-9002-
Labot ErSI) Lab, gzSIp. w Et Model Output -

MATPGB: Work Sample-

MVATPNC:
MATPININ:
MATPNB:
MAE!AA:
MAEPDB:

~.Planetary Carrier Assembly 3789* 6-1 14Lbo.rESI)1 Labo STZQI WCD EEt. 'Model Output
MATPGB: Work Sample-
MATPSI:
MATPNC:
MAXPNN:

~ 0 MAT?NB:.1 MAEIAA:
MAEPDB:

3. Spur Gear Assy 371551
Labm.LI3Z Labor STD WCQ E..i Model Output -

MATPGB: Work-Sample-
MATPSI:
MATPNC:
MATPNN:
MATPNB:
FAAEIAA:14 MAEPDB:

_57F



ENGINEERING NOTIES

EMPLOYEE ,$~'e-DATE -//c'PAGE NO.

RCC GrE (~~~3?2~) SUBJECT 3?6Z A~ ('i

-

'1~C &) Ier& ~ha/

re 6)1 s/ A ~7

_set-t4se Ase"A7qk:

qj~rJ 4 -Ile J

A trKre. e-& 1h71. /rA ,rve 1 A ;~ ',- 1 ~e -4a~

/ c o . -j 75- re--O e C,

~~Ze ~ d,'c -/. c~c>7 'ew /I .'ea 7'~ ';./ -1c~

e, ~A //Acc

* 7S ~.veS s te~-1e~ ~ /te~~o~7 X4 6

1*4eX , ;oc 7'i4w axe _$qa' ~r

.4 4(ia .oas- /cc( e i '4r'4 ee /o.,( -Is 4tp

3LL/

'oofvCs-r 1-e _ __ iccf0ea~-7



ENGINEERING NOTES

EMPLOYEE LZtDATE PAGEW~. 3
I RCC ($T ,'t' SUBJECT CTG

C' ftRITICXL- (O'AiiV0Et3TS-

Ui CS3( irf0.( 44 I

k1 c'4 j '5i OT15 $ &\)SAE ~(TWER,3fttr HfOcOSCr, K9 8198-'

'399-

zIc -3 -uI-&Z- Z.Z-

6&~2. /ee'., I, 7,/v 41MzS :rcc ./$ Y?- C,, - .

,.-b a W/c - S .. rcof i4 C~~?"t X .O t .6r2L?

A - di7m -n~ ro r7re;, 10

-, --/ lI CO 41 l

<0 DDB SECTION CODE_____ DDB PAGE NO ______



I ENGINEERING NOTES

EMPLOYEE-A '~r DATE &?% A E O~

RCC CVTF 6~I/I SUBJECT S~v~'/

<' ~--ea' id~ /~r4Xv en c/e ve/~$ec r7 -
- e 4es-oed t". - 44Je" e--- e s-ed,~''

lia-1 -- - ' e~ eer /?,J

0/esC alo~/ d0L4,' C(.. aS- ?4f -'O .7dr -cr '
*~ ~ ~ ~ ~ ~ ~ e Ab4'& C-/e # ' ' 2-/~*

-ehese S o4r V,0 We cx- has - 2Ye,60a z?

~14

'jIrcl- 0/ or i4 ofrc r 71* to''ef C '

OY'le

( ~~~--s ~ e 1 ~£S4 A ~ ~ ~ $'~_,P' & '~d

0 SCTO CODE rl X7C, Ae aD PAG eO____________

&e 4 s szrucumd /a/, Cal 6 dei- e
e;- 4v eI707I

_______ _____71_e__?e



ENGINEERING NOTES

EMPLOYEE_________ DATE.Z PAGE NO.___

RcOC -,fT SUBJECT _________r_____

-4ee.. Tk .1, 66 r 7iVose . ?t . ,"s72!4 .7. /W-1 41.

4c~, A,,,, h!or> -.c A/4A.,seJ' a'c

7L C

d. 114e,-,7~~ Cl IS-L7C r

DDB S NDO

c)
e:- * 5'* i : e er,/.-.'s-," 9 6X //O

DDB~ SECTION CO.Se "" DDB" ~ AGE~d~- NO,~ ~c~e-
&*'q ~c%-s 1 esecf~-e-/~Ar3eIYra

2 o -~ ~ o,. ~ r

I
-'I

e~212 _ _ _ _ _ _ _



. m rpuI 7 13094A PMC65 MATCHING OF DIFF. TO HSG. JA 1.00 N .75 :O N'.PNC 7 13094A PMC66 GEAR <DP, BWN.- 371551 207N JA 1. 17 N .19 E
T FNC 7 13094A PMC67 REMOVE/INSTALL 378383-2/-3 JA 1.00 N 2.00 E
bT'C 7 13094A PMC68 REPAIR NOZZLE/VANES 378513-4 JA .72 E 5.97 S

i, , C 7 13094A PMC69 FAN SHAFT CENTERS P1l 372420 JA 1.00 N 1.00 E

-T1RNC 7 13094A PMC70 CAP <LA> 370213, 207E JA .32 E .83 S
MTPNC 7. 13094A PMC71 TORUS P/N379165-52 711N JA 1.00 N 2.20 E
•,tI'T. . 7 13094A PMC72 STACK UP ASSY 207E JA .95 E 2.11 S
.TFNC 7 13094A PMC73 ACCY CASE P/N 372826-16/-20 JA 1.00 N 1.25 1'.

S MTPNC. 7 13094A PMC74 "HSG <BW-DF> 372647-200 207E JA 1.71 E 1.24 T
,PJC 7 13094A PMC75 ACCY CASE PIN 37289t-16/-20 JA 1.00 N .50 E
.,'!C 7 13094A PMC76 HSG <M BW> 372647-100 207E JA .92 E 4.08 S
-T 1!,C 7 1394A PMC77 HSG.DIFF,DSWL<N MATCH 207E JA .09 E 8.86 s
i?;TPIC 7 13094A PMC7 ACCY CASE <JB> 372896-16/-20 JA 1.03 E 1.28 S
*,';'NC 7 13094A FMC79 ACCY CASE <])P> 372896-161-20 JA .50 14 .71 E!

'.., 7 .30;,4A PMC8O TORIS <11> -:791 BE5-t2 207E JA 1.32 E . cO

'". ,-. 4 13094A PMC81 SHAFT <LA-GD> 372420 207E JA .88 E 2.32
"".1.:. 7 13094A PMC82 DUCT <BW-LF'> 372b 9 6 40 bE JA 7. 00 E .08 S
iT*.?:4, 7 13094A PMC83 SHROUD <BW> 372555-5 207N JA 1.06 N .24 E,

'ITFNC 7 13094A PMC84 PIPE <BW-DA> 379196 207E JA .87 E 1.49 5
,TPNC 7 13094A PMC85 DIFFUSER <eBW> 372933-2 207E JA .98 E 1.84 s
MTFPNC 7 13094A PMC86 SHAFT(BW) 372420 203E JA 1.00 E .18 S
NTPNC 4 13094A PMC87 SHAFT FIG' D' 372420 407N JA 1.00 N- 1.2 E
MTPNC 7 13094A PMC6B FLANGE. EXT 74934-I (BW-LA) JA .87 E .54 s
1M1; 'NC 4 13094A PMC89 RETAINER<GD.LF> 371455 207N JA .01 N .38 E
mTPn.C 4 13094A -PMC1O BODY <F'G> 118431-1 207E JA 1.09 E .46 S

i I'NC 4 13094A PMC91 BODY <FG> 118431-I 207E JA 1.00 E 1.03 s7507- 207N JA .24 N. .0 S

TPNC 7 13094A PMC92 BODY <BW-CA> 75047-9 207N JA .24 N 1. 05 S
MTPNC 7 13094A PMC93 ARMATURE<LA> 48316-11 207E JA .11 E 1.71 S
MIT-'NC 7 13094A PMC94 CARRIER <EW> 378916 207N JA .30 N .75 E
"lT?C 7 13094A PNC95 TORUS REDRILL PiN 379185-52 JA .60 N .36 E

S MTPNC 7 13094A PMC98 DIFF PN373823 206N JA 1 .00 N 2.00 E
•,rF C 7. 13094A PMC99 IMPLR 2ND STG. P/N 372556 JA 1.00 N 2.50

s _-cC 4 13094A PMEIO TURBINE WHEEL ASSY SF 1.00 N .40 E
, iTN 13094A PNO1I EB WELD CAP P/N370213 WL 1.00 N .16 E

K"FI'J"M 8 13094A FrMN02 EB WLD DFFSR F'N373823 WL 1.00 N 1. 1 E
N 13094A PMN03 MACH COMP H3G P/N372647-100 JA 1.00 N 3.50 E
TNtN 8 13094A PMN2( BUSHING 1.875 OD 1.5 106M JA 1.00 N .28 E

:*"TP1',-I 8 13094A PMNSO TOOLING SUPPORT 109N JC 1.00 N .37 T
"'iTPF"C I 13094A PWD30 CLNCHK TEST SLAVE OIL TANI( YI 1.00 N .45 E
M--PI 6 13094A FWE40 PRESSURE TE3" HOSES Sc 1.00 N .53 E
M 2- F'-- * I 3094A PNE45 MFG. AS PER SAMPLE SO 1.00 N 1.05 E
,'TPPH 8 f3094A REJO G1 L/VAL REJ SUPP <V> 311N HF .25 pl 4.91 E

4S ITF*H 3094A REJ02 REJECT SUPPORFr-PUrP :H> 312,N HF .20 N 2.60 E
ir,::. PL 8 13094A REJ03 REJECT SUPPORT-SW <H> 406N HE .25 N .40 E
:1I7PH 8 13094A REJ04 REJECT SUPPORT-REG. <J> 312N HB .10 N 1. 14 E
MTPPA 4 13094A REJ16 FUEL CNTRL REJ SUPP (C) HF 1.00' E 1.80 E

M{PPA 4 13094A RTEO1 VALVE 2D1070 310E HS 1.00 E 1.09 S
:IIrPFF 4 13094A RTE02 O/H ATOMIZER 75076-13 HB 1.00 E .63
MwPPA 4 13094A RTE05 CONTROL& PUMP <6> 303E HB 1.00 E 7.72 S
* MTPPL,- E 13094A RTE06 O/H ATOMIZER 75076-18 306N HB 1.00 N .65 2
,T-PH 8 13094A RTI03 LD.VAL.10?016-11 'V> 212E HE 1.00 E 7.44 11

-MPH 1 13094P RTI04 CENT SW 370929-18 <V> 602E HB 1.00 E 2.67 r
Ii.PrI' E 1309'4A RTI(5 REGULATOR 106032-3 <J> 212N HB 1.00 E 1.77 E
4 ll'PH 8 13094A RTI06 OIL PUMP 371976 <H> 303E HB 1.00 E 4.25 T
,. 8 1094A RT I0 <PDI>Sl. 37092(-17 <J> 209E H 10E 43 1 .0
r.1TPPH :9 1394-A RTI1O <NDI>PMP 37197L-7 -H> 209E NB 1.00 E .62 E
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7/23/90 - Monday

F! have made appointments -with Ms. Guzeman and Mr. Pike for

tomorrow morning. I wish to discuss manpower availability and overtimeI questions with Ms. Guzeman. I would like to .speak with Mr. Pike about
information I will need from certain GTE planners, for whom- he is the
manager, as well as the various. engineering functions which he oversees.
I would also like him to suggest a point of contact for certain information
which we received with the original T.O. 15 SOW, which showed both
operations descriptions and - associated- -times- as- -well- -as - the RCCs
involved. This data could be potentially very valuable to us. I would also
like to question him in regard to various data bases which may reside in
his area, and the appropriate managers to contact in regard to these.
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7/24/90 - Tuesday

Ken Premo and ! met with Mr. Pike this morning. Also present was
Juan Garza, who is the planning chief under Mr. Pike. We discussed several

topics, including our mutual desire to reduce impact on the production
capacity of the GTE area by reducing the amount of interviews and their
length, especially in those areas previously characterized. Mr. Pike
identified his office as the end user of the model once we are complete. I
questioned Mr. Pike about what his expectations and needs for a
simulation -model would be. Basically; his Co-ncept 'of a useable model
Would be one which allowed analysis of those parts which have
historically caused delays or other process problems, such as quality or

j .functional impairment to- the GTEs themselves. These parts should be
given special attention; as they would most likely be on the "critical path"
for the GTE process. I was pleased to hear this opinion, as it fits in nicely
with our concept of higher order modeling. I feel that this should make
efforts much more effective than if we were driven to performing our

t! characterization at the lowest level of detail possible.

:i Mr. Harris, Mr. Premo, and' myself also spoke with Ms. Guzeman this
morning. Ms. Guzeman provided- us with information on labor hours,
including overtime, for several of the RCCs involved in the GTE task order.
From this data I should be able to determine the manpower availability for
the various areas we will be studying. An example sheet is included as an
attachment to these notes, designated with today's date.
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10/10/90 -

Our first validation meeting began today at 8:00 AM. Susan
Schattle and Danny Gonzales represented the ALC, and Ken Premo,
Scott Vroman, Greg Gardner, and myself were present for MDMSC. I
spoke for a few minutes about how the ops file were formed, and
about the integral information that was contained therein. I also
had handouts which showed this information for comparative
purposes. The information was presented as ALC Standards,
Interview results, and historically documented flowtimes. This data

.) was also accompanied by histograms which displayed the historic
:4 data in an easily interpretable graphic format. These handouts

follow.

The meeting went well, and the major issue surrounded the
I concern expressed by Ms. Schattle that the inclusion of the large,

historically seen flow times in the model would make
experimentation difficult. This is due to the tendency for these
large flowtimes to make the model insensitive to any changes in the
much smaller integral operation times. I agree, but as Mr. Gonzales
pointed out, it did represent the As-is condition. As there were no
more specific questions, Mr. Gonzales agreed to examine the runs in
detail and to discuss the model in detail on Friday.
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I met with Mr. Gonzales this morning to discuss the model
output. He had not had time to examine the output in detail. We
agreed to meet again Monday morning. We did discuss the output in
general, and he instructed me to make begin formatting the rework
data, which we will discuss in detail on Monday.3I

Ken and I spent the rest of the day in the parts tracking effort,
including the formatting of this information.
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10/15/90 -

Ken Premo and met with Danny Gonzales this morning to
answer questions regarding the last model run. We discussed
severat points of interest to Mr. Gonzales. After our discussion, Mr.
Gonzales' only request was that we input the Historical Flowtime
Hours into the model Parts File, which will then be printed out on
subsequent model runs. The historical hours will be taken from the
analysis previously performed on stamped WCD data. This data is
identical to that which was inputted as mandatory flowtimes into
the ops file for the 1st model run, which was used only to examine
the overall flowtimes of the various backshop items.

The second part of todays meeting was initiated by the MDMSC
personnel. As was previously mentioned, the 3rd. model run, which
was presented in the first validation meeting, did not contain
rework data. This was due to the fact that we wish to see the
effect on the GTE process both before and after the use of rework

1 data. Since Mr. Gonzales did not express any particular reservation,
I about the present form of the model (3rd cut), we are ready to
" proceed to the next logical step, which is the inputting of the

rework data into the model ops file. We presented the rework data

we have collected in its raw form to Mr. Gonzales.

The data actually consists of two individual types. The first'1
Ipart of the data consists of estimates of the amount of time

dedicated to the rework of rejected items at the final assembly

level. The ,GTEs which fail final test are returned to final assembly
for rework if they cannot be repaired at the test cell. The data was
obtained from estimates provided by both the final assembly
technicians and their first line supervisors. This data is what
would consider "soft" data, as their are no existing historical
documentation to substantiate it. This data does have the singular

advantage of being the .ga.[X estimate of this particular feature of

the repair process, however. MDMSC site personnel would
DDB SECTION CODEDDB PAGE NO.
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recommend that data pertaining to rework be collected very
. concisely at all stages of the repair cycle in future endeavors. As

shop personnel tend- to keep logs of failed items (at least for
individual components, see attached example), the collection of time
spent in repair of rejected items would not appear to present
significant difficulties.

The second part of the rework data is, in my opinion, more
important. This data involves the amount of time invested in both
test cell utilization and actual computer run time for rejected GTEs.
The data is taken from a database which :is automatically maintained
for all GTEs being placed on the test cells (see attach.ed example).
This data is more "hard", in that there is less guess work or

supposition in its reporting or interpretation.

Both types of data was presented to Mr. Gonzales. We
discussed my ideas for inputting this data, and the form I suggest
we use. Mr. Gonzales concurred, and I will proceed with the
structuring of this data.

Several of the calculations and much of the formatting of the
rework data was performed by Mr. Premo. Further questions

, referring to this data should be addressed to his engineering notes
for details.
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10/16/90 -

I spent part of today structuring and inputting the changes
regarding rework data into the model. The rework data is similar in
form for both the -180 and the -397 engines, but the integral times
are different. The WCDs used to create the rework data are placed in
the model at an occurrence factor of 24% each. This was taken from
the rejects which were documented in the automated database
previously described. This failure rate is of an overall amount, and
is in keeping with our analysis of previous years failure rates of
complete items. For more information on this subject, please refer
to Mr. Premo's engineering notes.

The final form of the reject data as it appears in the model ops
file is as follows:

OD REWORK180 RWK180 0000 IN P 1.00 MATPGB
BS 1C 24.00
OD REWORK180 RWK180 0010 INSP P 1.00 M.4,TPGB
MP BE09 1C 0.72
OD REWORK180 RWK180 0020 DIS P 1.00 MATPGB
MP BK10 1C 2.72

OD REWORK180 RWK180 0030 INSP P 1.00 MATPGB
MP BE09 1N 21.08 2.86
OD REWORK180 RWK180 0040 INST S 1.00 MATPGB
MP BK10 1C 2.72

4 EQ F-25 1C 2.72
OD REWORK180 RWK180 0050 TEST P 1.00 MATPGB

4 MP BK10 1T 2.72 5.44 6.80
EQ F-25 1T 2.72 5.44 35.36
OD REWORK180 RWK180 0060 DIS P 1.00 MATPGB.
MP BK10 1C 2.72
EQ F-25 1C 2.72
OD REWORK180 RWK180 9999 TEST P 1.00 MATPGB
BS 1C 2.00

DDB SECTION CODE DDB PAGE NO. _
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~~10/22/90 -i

I Scott Vroman, Ken Premo, and I met with Danny Gonzales this
morning to discuss the latest model run. Mr. Gonzales had examined
the run over the weekend, and had io minor errors identified in the

4 ops files. These consisted of an incorrect RCC designator in the
first backshop operation for the -397 Accessory Case Housing
(incorrectly identified as MATPSI when it should have been MATPNC),

and an incorrect entry for -a machining operation in the -180 Bearing
- Housing (which probably resulted from a cut and paste error). These

were notated, and will be corrected immediately.

'- The only other point of discussion concerned the relationship
of the historical flow times to the simulated flow times. In, several
cases (see model output, cut 4) the difference was greater than 15%,
which is a rough analysis parameter we have found useful in past
model. validations. There are several reasons 'for the oijJ )rved
differences. The major reason for the difference is that the data
inputs which were used for historical flow times are those which
were used several weeks ago in constructing the first model run, but
the integral data inputs used in the ops files' INLTIME blocks were
from much more recent historical data analysis. This data
represents a much larger sample of the population, and in some
cases varies significantly from the original data inputs. Another
source of error lies in the fact that I made several assumptions in

I constructing the data in the ops file based on the fact that certain
backshop operations exist in the ALC provided WCD operation
sequence, but the historical data which we analyzed shows the
occurrence of the operation very rarely. The present ALC paperwork
is of a newer release than that found in the historical
documentation, and some differences are present in the sequence of
operation events. In several cases, I inputted operation times seen

: in similar backshop processes to "fill in these blanks". This in itself
could have introduced some variance. Still, it is the results of the
updated data inputs to the ops files, which are then being compared

DDB SECTION CODE DDB PAGE NO.__
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to the outdated input data in the historical flow report, which
causes the most significant differences.

After we discussed the above points of interest, Mr. Gonzales
requested that I make a detailed analysis of the historical vs.
simulated flow times, with explanation for each case of variance.
This is an excellent request, and I will begin this immediately after
making my parts tracking rounds today.

'1
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ENGINEERING NOTES

EMPLYEE___________ DATE / PAGE NO../?~

RCC AuSUBJECT ~tAi~,911/1/90 -

Scott, Ken, and I discussed various considerations for the GTE
experimentation efforts which we are trying to format at this time.
The IPI Experimentation sheet, which follows, was provided by Mr.

valid experimentation candidates. The onky one we would have real

difficulty is item #6, which entails reducing the Sub/Final assy.
rejection rate. This data, in a format that could be manipulated in
such a matter, is not in the model as such. Rather, we decided to
model rejects at the GTE end item level, as we had more "hard" data
available to us for that analysis (as previously discussed in my engr..

notes). The only data which we have concerning rejects at
subassembly or final assembly is an informal log book which was
provided by Mr. Samora. This log details the rejection of individual
components at the GTE build-up stations. While the log does not
provide any details on the amount of labor or lost hours attributed to

9 ; these defective parts, it does provide the historic occurrence of
these items' rejection rate. I would suggest that we delete this
item- from our list of possible experimentation candidates, and
analyze the log data in detail along with the other rejection data
which we are including in our engineering assessment.

The other points of discussion involved the relatively high
utilization of the inspection personnel in MATPSI. These personnel
were utilized at a rate of 72% for the WG09s and 53% for the WG1 Os.
Please note on the attached information sheet showing the
inductions of all Gas Turbine Engines over the past three years, the
-180 and -397 engines have made up a significant part of the GTE

workload. The FY 90 data indicates that these two engines combined
make up 49% of the entire workload for this year. Also, the data
used in constructing the model was taken from our parts tracking
efforts, and is considered to be of exceptionally high quality. For
these reasons, we feel that the reported utilization of the
inspection personnel is reasonably accurate (personnel assigned to

DDB SECTION CODE DDB PAGE NO.

I



ENGINEERING NOTES

EMPLOYEE f/, --. DATE / PAGE NO. /1. 7

RCC ,/ SUBJECT VQ,,.e4 4,,.'

starter workloads only are not present in the "total manpower
' "' available" entry for xhis model).

The other items on the the list are considered excellent
experimentation candidates. (Mr. Gonzales did a good job

constructing this list. It is well thought out). We are going to
discuss the actual construction of our experimental array with Mr.
Gardner tomorrow morning.

Also attached is the results of the GTE model ran at different
seeds. As can easily be seen, the model is very robust. in its
response to these different seed runs (i.e., little change).

1:1

"2

'2 F
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I-PI EXPERIMENTATION

1) Reduce WIP. What effect would a reduction in WIP cause on

throughput?

a. Accelerate WIP and analyze the effect on production.

/ /g.)>b. Increase WIP and analyze the effect on production.

c. For Phil: calculate WIP( $ amount)

2) Reduce manpower by 5, 10, 15, and 20%.

a. What adverse effect does chis have on throughput?

b. What adverse effect does this have on flowtime?

3) Simulate Surge Conditions.

a. Increase GTE demand by 25, 50, 75, 100%.

>b. Increase # of shifts( PSI, POB, PNC)

'4) How will the Short Stack tranfer to B329 effect throughput?

5) Reduce the GTE rejection rate.

a. Reduce GTE rejection rates in 2% increments and analyze
the effect on production.

0?) Reduce the Sub/Final assembly rejection rate-.

a. Reduce machine shop rejected items in 2% increments and
analyze its effect on production.

7) GTE Inductions.

a. Vary the GTE induction rate : - constant inductions
- once a month

A detailed analysis of each ei.;perimentation run and
associated savings is required.

.437

I



GAS TURBINE ENGINES'
FT 88 FY89 FY9 0

Total ASSETS LABOR TOTAL. 'Total ASSETS LABOR TOTAL Total ASSETS LABOR TOTAL
ASSETS INDUCTED STD HR TINE HIS INDUCTED STD HR TIME HRS INDUCTED STD OR TIME IS
T41M9 36 5 180.00 51 5 255.00 16 5 80.00
85-71 99 4.22 417.78 106 4.22 447.32 41 4.22 173.02
85-106 27 5.57 '50.39 129 5.57 718.53- 34 5.57 189.38
85-!80L 125 6.33 791.25- 207 6.33 131 0.31 -103 A..33 551 .99
85-165 22 4.09 89.98 53 4.09 216.77 7 4 ,09 28.63

36-50 45 360.00 73 6 54.00 7 56 8 448.00
85-56 20 4.22 84.40 46 4.22 19i.12 32 362 135.04

- 140 4.22 14012 59.

85-72 98 4.22 413.56 14 .2 590.8014 .2 508

85-16 4 4.22 16.88 0 4.22 0 0
85-70 70 4.22 295.40 77 4.22 324.94 3 .22 164.58
5-397 148 5167 839.16 292 5.67 1655.641 260 5.67 1474.20

694.00 338.80 1174.00 6297.43 735.00 1 95.18

280235.635
176450.51

TOTAL ASSETS LABOR TOTAL ASSETS LABOR TOTAL ASSETS LABOR
ASSETS INDUCTED SID F.R TIME RRS- INDUCTED ST D HR TIM HRS INDUCTED STP HR TIME HRS

CPS 02 6 0 6 0 6 0
CPS 021 366 1.3 475.8 477 1.3 620.1 62 !.3 30.6

CPS 07 2 1.38 12.0. 27 1.38 37.26 i6 1.38 22.04
CPS-09 188 2.75 517 495 2.75 1361.25 28 2.75 269.5
CPS ii 78 2.18 170.04 312 2.2 462.36 8 2.18 287.48
CPS 12 3 40
100-87 175 2.93 512.75 147 2.93 430.71: 11 2.93 32.23
100"89 327 1.9 621.3 434 1.9 804.6 176 1.9 "334.4
100-97 113 2.52 284.76 110 2.52 781.2 8 2.52 2.1

100-97A 30 9.52 75.6 93 2.52 234.36 116 2.52 292.32

100-176 12 1.64 19.68 37 1.64- 60.68 8 1.64 13.12
100-138 110 1.19 130.9 286 1.19 340.34 155 1.19 194.45
100-176A 20 1.64 32.8 36 1.64 59.04 4 1.64 6.56
100-302 50 0 88 0 15 0
100-325 56 2:08 116.48 107 2.09 222.56 12 2.08 24.96
100-421 18 1.44 25.92 140 1.44 201.6 79 1.44 113.76

100-422 43 2.31 99.33 220 2.3i 503.2 0 2.31 0
100-395 115 2.7 310.5 H!3 2.7 305.1 2.7

1719 3405.28 3232 6449.16 852 1581.62
151534.96

-_ 70382.09

~e 286987.62



A JGTE - 3.RUN 95% CONFIDENCE INTERVAL
V

IE 100.00.
I R

A 90.001
6

E 80.00-

F 70.00

0 60.00 ------------- __ __ __ __ __ __ __

w 50.00 .

D 40.00
I Run 95% CI 2 Run 95% CI 3 Run-95% CI

S NUMBER OF RUNS



GTE VALIDATION 3 RUN AVERAGE

HISTORICAL SIMULATED %NUMBER NUMBER %
ITEM NAME FLOW DAYS -PLOW DAYS 01FF OUTPUT INPUT D1FF
IST.STG.COMPR.DIFF 40 38 -7 73 73 0
1ST.STG.INLETASSY. 64 63 -1 73 73 -1
2ND.STG.COMPR.DIFF 75 76 1 77 73 -6
2ND.STG.DIFF.ASSY 135 138 2 133 134 1I2ND.STG.DIFF.HSG. 86 88 2 73 73 0
2NDSTG.COMPR.HSG. 95 95 0 77 73 -6
ACCESSORY CASE 18 18 2 134 134 0
BACKSHOP 180 50 52 4 73 73 0
BACKSHOP 397 30 30 2 132 134 2
BEARING HSG. 113 116 3 78 73 -7
COMB.-CHAMBER LNG. 29 30 4 73 73 -1
COMPRESSOR INLET 69 67 -3 133 -134 1
GTE -l80 0 129 76 73 -4
GTE -397 0 151 131 134 2
MATPSI 180 ONY0 31 74 73 -
MATPSI 397 ONLY 0 32 134 134 0
TORUS TURBI NE 41 44 6 73 73 -1
TURBINE BRG. HSG. 104- 99 -5 133 134 1
TURBINE NOZZLE 180 74 71 -4 73 73 0
TURBINE NOZZLE 397 79 82 3 131 134 2

WHEEL&SHAFTASSY. 67 81 17 73 73 0

1,2 and 3 RUN 95 CONFIDENCE INTERVAL
1 Run
Average St Dev '~balancing time was added to the model

74.63 39.30 that what not included in historical time

2 Run
Average St 0ev

-*73.01 38.21

3 Run
Average St- bev

72.88 38.01

1 Run 95%-Cl 2 Run 95% CI 3 Run 95% C.I.
Uper Limit 90.69 84.05 83.86
Mean 74.63 73.01 72.88
Lower Limit 58.56 61.97 61.89



* GTE VALIDATION RUN SUMMARY - SEED 1

GTEVAL1 .SPR
ITEM NAME FLOW TIME ST DEV NUM OUT NUM IN
1ST.STG.COMPR.DIFF 890.88 485.78 73 72
1ST.STG.INLETASSY. 1633.79 956.09 76 72
2ND.STG.COMPR.DIFF 2002.38 1514.57 78 72
2ND.STG.DIFF.ASSY 3373.61 1161.28 135 134
2ND.STG.DIFF.HSG. 2082.51 1530.68 71 72
2NDSTG.COMPR.HSG. 2258.66 1135.68 75 72
ACCESSORY CASE 442.53 208.2 134 134
BACKSHOP 180 1276.16 446.45 72 72

BACKSHOP 397 723.27 769.59 130 134
BEARING HSG. 2865.57 1950.47 81 72
COMB. CHAMBER LNG. 719.39 194.91 73 72
COMPRESSOR INLET 1749.34 1078.82 135 134
GTE -180 3123.51 682.5 80 73
GTE -397 3653.91 395.72 133 134
MATPSI-180 ONLY 754.29 149.37 73 72
MATPS1397 ONLY 781.84 157.29 134 134
TORUS TURBINE 1078.7 451.37 74 72
TURBINE BRG. HSG. 2619.12 1968.7 140 134
TURBINE NOZZLE 180 1743.47 1292.59 74 72
TURBINE NOZZLE 397 1841.59 1889.67 134 134

* WHEEL&SHAFTASSY. 1997.82 825.18 70 72

i
____ '
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GTE VALIDATION RUN SUMMARY - SEED 2 0
GTEVAL2.SPR
ITEM NAME FLOWTIME ST DEV NUM OUT NUM IN-
1ST.STG.COMPR.DIFF 902.85 377.31 73 73
1ST.STG.INLETASSY. 1484.59 847.25 72 73
2ND.STG.COMPR.DIFF 1602.87 1245.19 75 73
2ND.STG.DIFF.ASSY 3320.18 1494.12 136 134,
2ND.STG.DIFF.HSG. 1973.12 1212.67 72 73
2NDSTG.COMPR.HSG. 2424.61 1262.79 84 73
ACCESSORY CASE 450.97 204.05 134 134
BACKSHOP-180 1303.6 430.6 72 73
BACKSHOP 397 766.19 708.75 133 134
BEARING HSG. 2560.57 1618.38 73 73
COMB. CHAMBER LNG. 706.65 168.89 72 73
COMPRESSOR INLET 1467.2 951.61 131 134
GTE -180 2938.81 516.1 72 73
GTE -397 3663.35 465.74 135 134
MATPSI 180 ONLY 749.68 151.99 72 73
MATPSI 397 ONLY 742.08 147.2 134 134
TORUS TURBINE 974.95, 319.08 72 73
TURBINE BRG. HSG. 2401.27 1926.81 133 134

TURBINE NOZZLE 180 1667.97 1260.2 69 73
TURBINE NOZZLE 397 1916.06 1839.44 135 134
WHEEL&SHAFTASSY. 1964.45 790.96 74 73

IQ
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GTE VALIDATION RUN SUMMARY -SEED 3-

GTE VAL3 .SPR
ITEM NAME FLOW TIME ST DEV NUM OUT NUM IN

*1 ST.STG.COMPR.DIFF 912.19 444.51 73 73
1ST.STG.INLETASSY. 1429.27 812.19- 72 73
2ND.STG.COMPR.DIFF 1851.15 12603.46 78 73

:12ND.STG.DIFF.ASSY 3263.11 1206.28 128 134
2ND.STG.DIFF.HSG. 2255.9 1591.77 75 73I2NDSTG.COMPR.HSG. 2157.27 1135.17 72 73
ACCESSORY CASE 416.2 203.72 134 134
BACKSHOP 180 1189.18 434.81 75 73
BACKSHOP-397 704.04 620.68- 132 134

*BEARING HSG. 2943.39 2137.77 79 73
COMB-..CHAMBER LNG. 730.46 160.34 75 73
COMPRESSOR INLET 1584.77 1190.96 132 134-

*GTE -180 3192.32 522.34- 75 73
GTE -373529.08 345.08 125 134

MATPSI 180 ONLY 736.97 144.91 76 73
MATPSI 397 ONLY 789.65 152.26 134 134
TORUS TURBINE 1100.19 358.38 74 73
TURBINE BRG. HSG. 2100.99 1531.92 -126 134
TURBINE NOZZLE 180 1704.35 1132.01 76 73
TURBINE NOZZLE 397 2111.01 2062.86 123 134jO WHEEL&SHAFTASSY. 1895.23 852.35 74 73

04



ENGINEERING NOTES

EMPLOYEE ____ __DATE /12-1, PAGE NO.______

RC_____All __ SUBJECTAe~4, ~' -

11/2/90

We turned in our suggestions regarding experimentation to Mr.
Gardner yesterday afternoon. He has examined the data, and the
following are his suggestions for the structuring of our
experimentation data into the proper Taguchi format:

INNER ARRAY
L9 (34 )

ik

actor Levels

:1 1) Manpower As Is -10% -20%
2) Surge (Workload) As Is +50% +100%
3) Reject Rate As Is -10% -30%

- 4) WIP As Is +10%* +30%*

* Indicates percentage increase of floating stock.

OUTER ARRAY
L4 (23 )

Eactor Levels

1) Short Stack As Is Transfer to Bid 329
2) Inductions As Is Once a month
3) Interaction 1x2 1 2

Nine runs x four runs = 36 x two seeds 72 runs total
(excluding confirmation runs)

DDB SECTION CODE DDB PAGE NO.
4/1
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Wod Item Nkime
13094A GTE -397 ODXcde-CD

i 2p # Descr Type O C0000 IN Resource/Backshop data:OF EX
Parameters 1.0 ATB

Seq # Code Resource Amount Distr First Sebond Third
3 2 AF 1 C 24.00

A Assembly/Disassembly data

j Seq -Cocl Subcomponents Name Same ?

Inmd Seq#

CCtv 2 Comments
THIS IS THE OPERATION WHERE RECEIVING AND Ur4CRATING OF THE GTE IS PERFORMED. THE
GTE kF THEN SENT TO TEAR DOWN.

44'I



Wcd Item Name
-13094A GTE -397 OOxb CD

Op # Descr Type O O
001 0 DIS Resource/Backshop data:OF PZ

000 IS PParameters 1'.00 MATPGB
Sea- Cocbe Resource Amount Distr First Second Third

4S 3MF 1 C 24.00

Assembly/Disassembly data

Seq # Coda Subcomponents Name Same ?
1002DS MATPS1397ONLY N

10031J9 BACKSHOP397- N

1006 IS 2NQj.STG.DIFFASS N
A

1007DS ACCESSORY'CA% N

-1008-D§ COMPRESSOR INLET N

* 100906~ TURBINE NOZZLE397 N

10 10ES TURBINE BRG. HSG. N

Inmd Seq#

CCM 3 Comments
THIS IS THE DISASSEMBLY OF THE GTE It 470 ITS COMPONENT PARTS. MOST PARTS ARE THEN

'j ROUTED TO THE MATPSI CLEANING AREA.



-Wcd Item.Name
13094A GTE -397 OEQx. CD

j Op # Descr Type OF FC
0020 KIT P Resource/Backshop data:

Parameters 1.00 MATPGB
Seq # Code Resource Amount Distr First Second Third

34MF 1 C 0.00

Assembly/Disassembly data

Seq # Cocb Subcomponents Name Same?

Ind Seq#

cCM 4 Comments
THIS OPN. IS PRESENTLY HERE AS A PLACE HOLDER IN CASE WE WISH TO INCLUDE KITTING
OPERATIONS IN THIS MODEL

Att



Wcd Item Name
13094A GTE -397 OOob CD

Op # Descr Type OF FC
0040 TT Resource/Backshop data:

Parameters 1.00 MATPGB

Seq# Ccde Resource Amount-Distr First Second Third

36MF 1 C 24.00

Assembly/Disassembly data

Seq # Cob Subcomponents Name Same?

Ind Seq#

Ovl 6 Comments
THIS RECORD IS MEANT TO REPRESENT THE, FINAL TEST OPERATIONS.. THIS WILL REQUIRE
MORE DETAIL IN THE FINAL RUN TO SHOW NOT ONLY MANPOWER AND EQUIPMENT
UTIUZATION, BUT ALSO THE AFFECTS OF REJECTS.

'450



Wcd Item Name,
13094A GTE -397 OD0xb CD

Op # Descr Type- OF FMC
999 f Resource/Backshop data:

999 UT PParameters 1 .00-tMATPGB
Seq # Code Resource Amount Distr First Second Third

37MF 1 C 24.00

Assembly/Disassembly data

Seq # Cotb Subcomponents Name Same ?

Ind Seq#

0Xtv 7 Comments
THIS IS THE OUTGOING OPERATION. -



Wcd Item Name
13094A GTE -397 OECe C(D
Op # Descr Type OF FC-00 p0# Dsr Typ Resource/Backshop data: OF MTG

0010 DIS P Parameters 1.00 MATPGB

Seq# cxb Resource Amount Distr First Second Third
33MF 1 C 24.00

Assembly/Disassembly data

Seq # Code Subcomponents Name Same?
1002DS MATPS1397ONLY N

1003 DS BACKSHOP397 N

1006 DS 2NDSTG.DIFF.ASSY N

10 07 DS ACCESSORYCASE N

10 0 8 DS COMPRESSOR INLET N

1009DS TURBINE NOZZLE 397 N

1010 DS TURBINE BRG. HSG. N

Ind Seq#

Ct 3 Comments
THIS IS THE DISASSEMBLY OF THE GTE INTO ITS COMPONENT PARTS. MOST PARTS ARE THEN
ROUTED TO THE MATPSI CLEANING AREA.

45



Wcd Item Name
13095A -GTE- -180 OD0xb CD

S* Op # Descr Type -OF Rob
0000 INResourcelBackshop data:000 IN PParameters 1.00 lMATPGB-

Seq # COxb Resource Amount Distr First Second Third
338MF 1 C 24.00

:1 Assembly/Disassembly data

Seq # Ccxb Subcomponents Name Same ?

Ind Seq#

* Ovi 8 Comments
THIS IS THE OPERATION.WHERE RECEIVING AND UNCRATING OF THE GTES IS PERFORMED. THE

* GTE IS THEN SENT TO TEAR DOWN.

453



Wcd, Item Name
13095A GTE -180 ODOxI CD

Op # Descr Type OF FCC
Resource/Backshop data:

00 DIS PParameters 1.00 MATPGB

Seq # Code Resource Amount Distr First Second Third
39MF 1 C 24.00

Assembly/Disassembly data

Seq # Code Subcomponents Name Same?
1011 DS MATPSI180 ONLY N

1012DS BACKSHOP180 N

1013DS COMB. CHAMBER LNG. N

1014DS TORUSTURBINE N

1015 DS -1ST, STG.INLETASSY: . N

1016 DS 2NDSTG.COMPR.HSG. N

1017 DS WHEEL&SHAFTASSY. N

1018 0S 2ND.STG.DIFF.HSG. N

1019DS TURBINE NOZZLE 180 N

1020 DS 1ST.STG.COMPR.DIFF N

1021 DS 2ND.STG.COMPR.DIFF N

1022 DS BEARING HSG. N

Ind Seq#

ON 9 Comments
THIS IS THE DISASSEMBLY OF THE GTE INTO ITS COMPONENT PARTS. ALL PARTS ARE THEN
ROUTED TO THE MATPSI CLEANING AREA.

40



Wcd -item Name-
13095A GTE -180 -ODXoxi- CD

* Op-# Descr Tp F RO
* 0020 KIT Resource/Backshiop data:OF FC

Parameters- 10 MTG
Seq # Ccxe Resource Amount Distr First Second Third

40MF 1 C -0.00

A Assembly/Disassembly data

.4 Seq # -Cm Subcomponents Name Same ?

-Ind Seq#

0tv1 1 0 Comments
THIS OPN. IS PRESENTLY HERE AS A PLACE HOLDER IN CASE WE WISH TO INCLUDE KlTING
OPERATIONS IN THIS MODEL

A



Wcd Item Name
13095A GTE -180 ODCOcxD CD

Op -# Descr Type O C
0030 ~Resource/Backshop data:

000 ASY PParameters 1 .00 MATPGB3

Seq-# Qxb Resource Amount Distr First Second Third
42MF 1 C 24.00

Assembly/Disassembly data

Seq # cb- Subcomponents Name Same ?
1032AS MATPSI180ONLY N

1033 AS BACKSHOP180, N

1034 AS COMB. CHAMBER LNG. N

10 35 AS TORUSTURBINE N

1036AS 1ST.STG.INLErASSY. - N

1037 AS 2NDSTG.COMPR.H-SG. N

1038 DS WHEEL&SHAFTASSY. N

1039 AS- 2ND.STG.DIFF.HSG. N

1040OAS TURBINE NOZZLE-180 N

1041 AS 1ST.STG.COMPR.DIFF N

1042 AS 2ND.STG'.COMPR.DIFF N

10 4 3AS BEARING HSG. N

Ind Seq#

CIVI I I Comments
THIS OPEATION IS MEANT TO REPRESENT THE FINAL ASSEMBLY OPERATIONS. rr IS ASSUMED
HERE THAT ALL ITEMS HAVE BEEN OBTAINED FROM SUPPLY AND/OR KITING.



Wcd Item Name
13095A GTE -180 -0oEaCD-i

O p-# -Descr Type, OF' FCC-
- Rneniirce/Bckshon aa

0040 TEST P daa 1.00 MATPGB
Parameters

Seq # Code Resource Amount-Disir- First- Second Third
43MF 1 -C 24.00

Assembly/Disassembly data-

Seq # Ct Subcomponents Name Same?

Ind Seq#

CXIVI 12 Comments
THIS RECORD IS MEANT TO REPRESENT THE FINAL TEST OPERATIONS. THIS WILL REQUIRE
MORE DETAIL IN THE FINAL RUN TO SHOW NOT ONLY MANPOWER AND EQUIPMENT
UTILIZATION, BUT ALSO THE AFFECTS OF REJECTS.

A.

.4 ,'



Wcd Item Name
13095A GTE -397 O0D~oaC

-OP# escr TyeOF FCC
9999 airf P Resource/Backshop data:1.0MTG

Parameters 1.0MTG
7 Seq # Cod Resource Amount Distr First Second Third

I44MF 1 C 24.00

'aI Assembly/Disassembly data

Seq # Got~ Subcomponents Name Same ?

Ind Seq#

CXOv 13 Comments
THIS IS THE OU17GOING OPERATLQN.

45e



ALO SA ROC MATPGB

-.Quarterly Inductions
PartName Inv- Part type 1-43

0 GTE -180 Mistr 18 30 21 4

Standard Hours Expected Hours Envelope-units
936 1Historical Data help -

A Aircraft Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind -Seq# Comments

OCIVI 8
Occurrence THIS IS FOR THE FIRST MODEL RUN

Ind Seq# WCD Name Factor JL

WCD~s] 'MCD -9 13095k 1.060

A

A
.4



AD SA RCC MATPGB

Quarterly Inductions
PartName Inv Part type 2 3 4
MATPSI 180-ONLY Mistr

Standard Hours Expected Hours Envelope units
1 Historical Data help->

Aircraft Mean Sid Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

S
0SM 18

Occurrence -180 PARTS FOR MATPSI ONLY,
Ind Seq# WCD Name Factor FIRST RUN ONLY.

WCD[s] VVCD 20-CLEAN- 1.000

VCD 3 2 INSPECT 1.000

II

2



k C S A -RC *AtPGB
Quarterly Inductions

Part fame -Inv Part ty~e, 1 2 34
BACKSHOP-180 Mistr

Standard Hours- Expected Hours -Envelope units-
1- Historical Data help -

Aircraft Mean S,,i Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight -Me- WIP Ind SeqP' Comments

I S _0M19
Occrrecu -180 NON-CRITICAL BACKSHOP

hid eq~WCDName Fator PARTS, 1ST RUN ONLY

- WCD[s] W''D 21 BBBBBB -1.000 -



AJ..C SA PC MATPGB
Quarterly Inductions-

PartName Inv Part type 1 2 3 4
COMB. CHAMBER LNG. Mistr

standard-Hours Expected Hours Envelope units

I Historical Data help -

Aircraft Mean Sid 0ev # of Obs- Log Mean Log St-Dev

P art- ,Flag 80/20 Weight Max WIP Ind Seq# Comments

CXIVI 20
Occurence -180 CRITICAL PART

Ind -Seq# WCD Name Factor

WCD[s] WC-D- 2-2-BBBBBC 1.000



ALC SA RCC MATPGB
Quarterly Inductions

PartName Inv Part type 1 12 34
TORUS TURBINE Mistr

Standard Hours Expected Hours Envelope units

1 Historical Data help->

Aircraft Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

S

O3l 21
Occurrence -180 CRITICAL PART

Ind Seq# WCD Name Factor

WCD[s] WCD 23-BBBBBD- ------- 1.000

I

jOt



A.SA RCC -MATP GB-
Quarterly Inductions

ParName Inv Part type 1 2 3- 4
IST.STG.INLETASSY. Mistr

Standard-Hours Expected Hours Envelope units
1:Historical Data help -

Aircraft Mean Std Dev # of Obs Log Mean Log St 0ev

Part Flag 80/20 Weight Max WIP nd- -Seq# Commnents
S ON~ 22

Occurrence -180 CRITICAL PART
Ind Seq# WCD'Name Factor

WCD[sJ WCD -- 2-4-BBBBBE- .1 .000



LC -SA- RCC MATPGB-
Quarterly Inductions

Part-Name Inv Part type 1 234

2NDSTG.COMPR.HSG. Mist r
Standard Hours Expected Ho6urs Envelope- units

1Historical Data, help -

jAircraft Mean, Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

S OCIVI 23
Occurence -180 CRITICAL PART ONLY

Ind Seq# WOD Name Factor

KWCD~s] -CD- -2-5 BBBBBF- 1.000



ALC SA RCC MATPGB
Quarterly Inductions

PartName Inv- Part type1234
WHEEL&SH-AFTASSY. Mist r

Standard Hours Expected Hours Envelope units
1 Historical Data help -

Aircraft Mean Std Dev # of Obs Log Mean -Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# -Comments-

Ind eq# OD Nme Ocurrnce 180 CRITICAL PART

WCD[s] VCD- 2-6-BBBBBH- -~ 1 .000-



. l.C- SA RCC -MATPGB-
Quarterly Indu ctionsd* PartName -Iv Part type 1 2 3 4

2ND.STG.DIFF.HSG. Mistr

f Standard Hours Expected Hours Envelope units

1 Historical Data help -I Aircraft Mean Std 0ev _# of Obs -Log Mean Log St 0ev

Part Flag 80/20 Weight Max WIP -Ind Seq# Comments

0?OIVI 25
Occurrence -180 CRITICAL PART

Ind Seq# WCD Name Factor

WCD[s] V'CD- -2-7 BBBBBI- -- ~-- 1.000

A



7j

ALC SA RCC MATPGB

J Pat~ae m Par tye 1 Quarterly Inductions-
Patae n at ye12- 3- 4

TURBINE NOZZLE 10Mistr

Standard Hours Expected Hours Envelope units
-h l1 1 ~Historical Vatahep-

I Aircraft Mean Std Dev # of Obs, Wpg Mean Log St 0ev

'4

,J Part Flag 80/20 Weight Max WIP m e#Cmet

S0 26

Occurence -180-CRITICAL PART
Ind Seq# WCD Name Factor

WCD[s] WCD~ -~8BBBBBJ -1,.000-



ALC. SA RC MATPGB
IlL Quarterly -inductions

PartName- Inv Part type1234
1ST.STG.COMPR.DIFF Mistr

Standard Hcurs Expected Hours Envelope -units

31Historical Data help ->

IAircraft Mean Std Dev Y of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind -Seq# Comments

00M 27
Occurrence -8 RTCLPR

Ind Seq# WCD Name Factor -8 RTCLPR

WCD[sJ- -VCD 2.9 BBBBBK... 1.00.0

4,1



ALC SA RCC MATPGB
Quarterly-inductions

PartName Inv Part-type1234 1 2 30
ZND.STG.COMPR.DIFF Mistr
Standard Hours Expected Ho-urs Envelope units

1 Historical -Data help -

I Aircraft Mean -Std 0ev # of Obs -Log Mean Log St 0ev

Part Flag 80/20 Weight Max WIP Id Seq# Comments
S 2

Occurrence -180 CRITICAL PART
Ind- Seq# WCD Name Factor

* WCD[s]_ -VD 3 0-BBBBBL 1.000-

*7 0



ALC SA RCC MATPGB-
I Quarterly Inductions

PartName Inv Part type 1 2 3 4
BEARING-HSG. Mistr

Standard Hours Expected Hours Envelope units
1 Historical Data help -

21 Aircraft- Mean Std Dev- # of Obs Log Mean -Log St Dev

IJ Part Flag 80/20 Weight Max WIP mnd Seq# Comments

S occrrnc 29
Occurence -180 CRITICAL PART

Ind Seq#- WCD Name Factor

*WCD[s]- WCD 3.1- BBBBBLI 1.000

1e1



Wcd Item Name
CLEAN MATPSI 180 ONLY OD(Xda CD

i Op# Decr Type Resource/Backshop data: O X
0000 IN P -Parameters 1.00 MATPSI

S Seq # Cxi3 Resource Amount Distr First Second Third

47MF 1 C 24.00-

Assembly/Disassembly data

S Seq # Cab Subcomponents Name Same ?

Ind Seq#

cOIVI 1 6 Comments
THIS IS FOR TIME-IN TO AREA ONLY--



Wcd Item Name
CLEAN MATPSI 180 ONLY ODCde CD-

: Op# Descr Type Resource/Backshop data: O X
C0l0 BS p Prmtr 1.00 MAEPNC

Seq # Got~ Resource Amount Distr First Second Third
48MF 1 N 96.00 72

Assembly/Disassembly data

Seq # Ccb Subcomponents Name Same?

Inmd Seq#

(Xtv 1 7 Comments
THIS REPRESENTS THE TIME THE PARTS DWELL IN MAEPNC; CLEANING. THIS DATA IS T AKEN
FROM WORK SAMPLING DATA.

i/73



Wcd Item Name
CLEAN MATPSI 180 ONLY ODCc -CD
Op # Descr Type O0- FCC

OP# Desr T're Resourcfackshop-data: 0 X1
0020 CLN P praters1.00 MATPSIParameters

Seq # Ccle Resource Amount Distr First Secxid Third

49MF 1 C 0.50

Assembly/Disassembly data

Seq # Code Subcomponents Name Same?

Ind Seq#

CCM 1 8 Comments
THIS COVERS HAND CLEANING AND BLASTING OF PARTS. THIS OPN SHOULD BE DETAILED MORE
FULLY IN SUBSEQUENT RUNS.

0



ALC SA RCC MATPGB

Quarterly Inductions
PartName Inv Part type 1 2 3 4
GTE -397 Mistr 46 46 42 0

Standard Hours- Expected Hours Envelope -units

960 1 Historical Data help ->

Aircraft -Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

CCM 7
Occurrence FOR FIRST MODEL RUN ONLY

Ind Seq# WCD Name Factor

WCD[s] WCD 8,13094A 1.000



ALC* -SA RCC 'MATPGB
Quarterly Inductions

PartName Inv. Part type 1 2 3 4
'MATPSI 397 ONLY Mistr

Standard Hours Expected Hours Envelope -units
1 Historical Data help ->

Aircraft Mean StdDev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

S CIV 9

Occurrence -397 PARTS WORKED IN MATPSI
Ind Seq# WCD Name Factor ONLY, FOR 1ST MODEL RUN.

WCD[s] WCD 10 CLEAN 1.000

WCD 1 1 INSPECT 1.000

,J 17 



AIL SA RCC MATPGB-

-Par~am-- nv Prt ypeQuarterly Inductions
Pat~me m Prttye1 2 3 4

W BACKS 1P39 Mistr

Standard-Hours Expected-Hours Envelope units
1 Historical Data h~Ip

Aircraft I- Mean Std Dev # of -Obs Log Mean Log St:Dev

Part, Flag- 80/20- Weight -Max WIP Ind Se#Cmments
S 0C_ 10

Occurrence NON-CRITICAL BACKS-HOP PARTS
Irnc! Seq# -WCD Name Factor FOR IST RUN ONLY.

WDs]WCD 1 2BS397 1.000



AW~ -SA RC MATPGB,
Quarterly Inductions

PartName Inv -Part type- 1- 2 3 4
2ND.STG.L)IFFASSY Mistr,-

Standard Hours- -Expected Hours Envelope units
1-Historical Data help -

Aircraft Mean Sid Dev # of Obs Log Mean Log St Dev

Part Flag -80/20 Weight Max WIP -Ind Seq#f Comments
S GQC1VI 31

Occurrence -397 CRITICAL PART (SHORT
Ind- Seq# -WOD Name Factor STACK)

WCD[s] WCD 34 DDDDDD 1.000



AC SA RCC MATPGB
Quarterly Inductions

m PartName Inv Part type 1 2 3 4
W tCESSORYCASE Mistr

Standard Hours Expected Hours Envelope units
1 Historical Data help->

Aircraft Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

S CV 14
Occurrence -397 CRITICAL PART

Ind Seqif WCD Name Factor

WCD[s] WCD 1 6 AAAAAD 1.000

40



ALC SA RCC MATPGB

Quarterly -inductions
PalName - nv- Part, type1234

COMPRESSOR INLET Mist r

Standard -Hours- Expected Hours Envelope units

1 Historical Data help,-

Aircraft Mean Sid Dev # of Obs -Log Mean Log St Dev

Part Flag 80/20- Weight -Max WIP Ind Seqff Comments

c ON 1-5
Occurrence -397 CRI TICAL PART

Ind Seq# WCD Name Factor

WCD[s] WCD 1 7 AAMAAE 1.000



ALC SA RCC MATPGB

Quarterly Inductions* PartName Iv Part- type 1 2 3 4
TURBINE NOZZLE 397 Mistr

Standard Hours Expected Hours Envelope units
1 Historical Data help ->

Aircraft Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

SOCM 16
Occurrence -397-CRITICAL PART

Ind- Seq# WCD Name Factor

WCD[s] WCD 1-8 AAA3 1.000



ALC SA RCC MVATPGRB
-Qurtrl Inducdions

PartName -Iv Part- type 1 2 4

TURBINE BRG. HSG. Misir
Standard Hours Expected Hours Envelope- units-

1 Historical- Data help -

Aircraft Mean Std Dev # of Obs Log Mean Log St Dev

Part Flag 80/20 Weight Max WIP Ind Seq# Comments

OCIVI 30
Occurrence -397 CRITICAL PART

Ind Seqff WCD Name Factor-

WCD[s] V/CD 3 3 )0000( 1.000



Wcd -iem Name
INSPECT MATPSI ONLY ODce CD

0000 IN De Tp Resource/Backshop data: OF FCC
000 IN pParameters 1 .00 MATPSI

Seq # Cocl Resource Amount Distr First Second Third
61-MF 1 C 24.00-

Assembly/Disassembly data

Seq # Col Subcomponents Name Same ?

Ind Seq#

Comments



Wcd - Item Name
INSPECT MATPSI ONLY O~L CD

Op # Descr Type Resource/Backshop data: O C
0001 INSP P' Parameters 1.00 MATPSI

Seq # Code Resource Amount Distr First Second, Third

S2MVF 1 N 0.50 0.25-

Assembly/Disassembly data

Seq #f Cc~b Subcomponents Name Same ?

Ind Seqff

Comments



wa! Item Name
INSPECT MATPSI ONLY OXXCocb CDO Op # Descr Type -O C
9999 cur P Resource/Backshop data: OF.0 RflPParameters 1.0MTS

Seq 41. COxz Resource Amount Distr First Second Third
63MF 1 N 2.00- 1-

Assembly/Disassembly data

Seq # Code Subcomponents Name Same ?

Ind Seqff

Comments

09



Wcd Item Name
BS,397 BACKSHOP 397 ODXodb CD

Op # Descr Type Resource/Backshop data: OF RC

00301 FCm P Parameters 1.00 MATALL

Seq # _x~d Resource Amount Distr First Second Third

46MF 1 E 30.00

Assembly/Disassembly data

Seq # ca Subcomponents Name Same?

Ind Seq#

021 1 5 Comments
THIS OPS FILE REPRESENTS ALL NON-CRITICAL -397 PARTS WHICH TRAVEL TO A BACKSHOP.
REFER TO THE -397 HISTOGRAM FOR THE DISTRIBUTION, AND THE AVERAGE (WHICH WAS
TAKEN FROM THE FREQUENCY OF OCCURRENCE).

'1Q 17



Wcd Item Name
TA813F 2ND.STG.DIFF.ASSY ODd CD

000 # ecrtp Resource/Backshop data: OF FCC
001 RO 1-Parameters 1 .00 MATALL

Seq # Co di Resource Amount Disir First -Second Third
64MF 1 E 3792.00

Assembly/Disassembly data

Seq # Coz Subcomponents Name Same?

Ind Seq#

Comments



Wod Item Namb
TA537F ACCESSORYCASE OCod -CD

000 -# DsrTp Resource/Backshop data: O C
001 PRO PParameters 1-.00 MATALL

Seq # Code Resource Amyount Distr First Second Third
65MF 1 E 25.00

Assembly/Disassembly data

Seq # Code Subcomponents Name Same ?

Ind Seq#

Comments

1100

r 0 0



Wcd Item Name
TG81 6F COMPRESSOR INLET OCDccie CD

000 # ecrTp Resource/Backshop data: OF FCC
001 RO PParameters 1 .00 Mk1ALL

Seq # Ob Resource Amount Distr First Second Third
'6 6MF 1 E 2088.00

Assembly/Disassembly data

Seq # Cot Subcomponents Name Same ?

Ind Seq#

Comments



Wcd Item,-Name
TA841 F TURBINE NOZZLE 397 obticd D

Op # Descr Type. Rsuc/akhpdata: OF RCO
0001 PRO ReoreBcso Parameters 1 .00 MATALL

Seq # Code Resource Amount Distr First Second Third
67MF 1 E 1008.00

Assembly/Disassembly data

Seq # Ccdb Subcompononts Name Same?

Ind Seq#

Comments



Wed Item Name
TG847F- TURBINE BRG. HSG. OC~xde CD

V Op # Descr TypeOF K
0001 ~Resource/Backshop data:

Parameters 1 .00 MATALL

Seq # Code Resource Amount-Distr First Seco~nd Third
6 8MF 1 E 2376.00

Assembly/Disassembly data

Seq # Cde Subcomponents Name Same ?

Ind Seq#

Comments



Wcd Item Name,
BS180 BACKSHOP180 ODCode-0C

Op # Descr Type data: -OF C
0001 P Resource/Backshop at1.00 MATALL

Seq # Ccde Resource Amount Distr First Second Third
45MF 1 T 10.00 50 100

Assembly/Disassembly data

Seq # Coda Subcomponents Name Same?

Ind Seq#

Ov1 1"4 Comments
THIS-REFERS TO ALL -180 PARTS WHICH TRAVEL TO BACKSHOPS. SEE THE -180 FLOWDAY
HISTOGRAM TO GET AN IDEA OF THE DISTRIBUTION, AND THE MIN,MODE,MAX VALUES.

0/J5K3



Wcd Item Name
TG624D 15T.STG.COMPR.DIFF OtX~cde CD

000 # ecrTp Resource/Backshop data: OF FC
0-01 POC PParameters 1 .00 MATALL

Seq # Code Resource Amount Distr First -Second Third
5 8MF 1 E 40.00

Assembly/Disassembly data

Seq # Cod Subcomponents Name Same ?

Ind Seq#

Comments



Wcd Item--Name
TG623D 1ST.STG.INLETASSY. OIXde- -CD

000 # ecrTp Resource/ Backshop data: -F 'C
001 RC _Parameters 1 .00 MATALL

Seq _# Code Resource Amount Distr First Second Third
5 3MF 1 E 46.00

Assembly/Disassembly data,

Seq # Cod Subcomponents Name Same-?

Ind Seq#

Comments



Wcd Item Name
TG629D 2ND.STG.COMPR.DIFF OD~cca CD

* Op # Descr Type Rsuc/akhpdt:OF ROC

0001 PROG RePreBcso Parameters 1.00 MATALL

Seq # Code Resource Amount Distr First Second Third
5 9 E 1 E 2328.00

Assembly/Disassembly -data

Seq # Cocl Subcomponents Name Same?

Ind Seq#

Comments



Wcd- Item Name
TG628D -2ND.STG.DIFFr.HSG. OD~oda cD

0001# -DsrTp Resource/Backshop data: O C
001- POC PParameters 1 .00 MATALL

Seq# -Czda Resource Amount-Disir First Second Third

56 MF 1 E 1584.00

Assembly/Disassembly data

Seq-# Cobl Subcomponents Name Same ?

-cI Seq#

Comments



Wod Item Name
TG622D 2NDSTG.COMPR.HSG. O(X~xdb CD

000 F# Dec Tp Resource/Backshop data: O C
001 RG Parameters 1 .00-MATALL

Seq # Code3 Resource Amount Distr First Sexnd Third
54MF 1 E 87.00

Assembly/Disassembly- data

Seq # Ccc Subcomponents Name Same ?

Ind Seq#

Comments



Wcd -Itemn Name
TG631 D BEARING HSG. OCcxe CD

On, # Descr Type- OF FC
0001 ~ ~ Resource/Backshop data:

0011 POC PParameters 1 .00 MATALL

Seq # CUxe Resource Amount Distr First Second Third

60MF 1 T 74-4.00 -6000 15816

Assembly/Disassembly data

Seq # Code Subcomponents- Name Same?

Ind Seq#

Comments



Wcd Item Name
TG61 10D COMB. CHAMBER LNG. ODCode CD

000 # ecrTp Resource/Backshop data: O C
001 PRC PParameters 1 .00 MATALL

Seq # Code Resource Amount Distr First Second Third
51 MF 1 E 24.00

Assembly/Disassembly data

Seq # Cccb Subcomponents Name Same?

Ind Seq#

Comments



Wcd Item Name
TG615D TORUS TURBINE GDCoCb CD

000 # ecrTp Resource/Backshop data: OF FCC
001 RC Parameters 1 .00 MATALC

Seq # Cobe Resource Amount Distr -First Second Third
52MF 1 E 36.00

AssemblylDisassembly- data

Seq # UCxb Subcomponents Name Same?

Ind Seq#

Comments



Wod Item Name
TG618D TURBINE NOZZLE 180 ODXCbde CD

Op # Descr Type Resource/Backshop, data: OF ROC

0001 PRC Parameters 1.00 MATALL

Seq # Coxl -Resource Amount Distr First Second Third
57-MF 1 E 2112.00

Assembly/Disassembly data-

Seq # Cclb Subcomponents Name Same?

Ind Seqif

Comments-



Wcd- -Item Name
TG645D WHEEL&SHAFTAssy. _oDcod cD

Op # Decr Type Resource/Backshop data:OF R
0001 PRC Parameters 1.00 MATALL

Seq # Cccb Resource Amount Distr First Second Third
5 5MF 1 E 2736.00

Assembly/Disassembly data

Seq #- Code Subcomponents Name Same ?

Ind Seq#

Comments

5C3



Tuesday, 7:32:24 PM 1
PART DATABASE -ERROR AND STATISTIC REPORT September

V 25, 1990

PART by WOD Total # of Parts 21-

# of WCDs
PART WCD #of ops/wcd or Error msg

1ST.STG.COMPR.DIFF TG624D 1 1

15T.STG.INLETASSY. TG623D 1 1

2ND.STG.COMPR.DbiFF TG629D 1 1

2ND.STG.DIFF.ASSY TA813F 1 1

2ND.STG.DIFF.HSG. TG628D 1 1

2NDSTG.COMPR.HSG. TG622D 1 1

OACCESSORY CASE TA537F 1 1

BACKSHOP 180 BS180 1 1-

BACKSHOP 397 BS397 1 1-

BEARING-HSG. TG631 D 1 1

COMB. CHAMBER LNG. TG61 1 D 1 1

COMPRESSOR INLET TG816F 11

GTE -180 13095A 6 1

GTE -397 13094A 6 1

MATPSI 180 ONLY CLEAN 4 20INSPECT 3

MATPSI 397 ONLY CLEAN 4 2



PART -DATABASE ERROR AND STATISTIC R-EPORT Tuesday, September 2
25, 1990

INSPECT 3

TORULlS TURBINE TG615D 1 1

TURBINE BRG. HSG. TG847F 1 1

TURBINE NOZZLE 180 TG618D 1 1

TURBINE NOZZLE 397 TA841 F 1 1-

WHEEL&SHAFTASSY. TG645D 1- 1

,505



PART -DATABASE ERROR AND STATISTIC REPORT Tuesday, September 3
25, 1990

WCD by PART

WCD-Occurrence
WDFactor PART

13094A 1.000 GTE -397

1305A 1.000 GTE -180

AAAAAA 1.000

AAAAAB 1.000

AAAAAC- 1.000

.AAAAAH 1._000

BS180 1.000 BACKSHOP 180-

BS397 1,000- BACKSHOP 397

CLEAN- im00 MATPSrI60 ONLY

1.000 MATPSI 307 ONLY

INSPECT 1.000 MATPSI 180 ONLY

1 .000 MATPSI 397 ONLY

TA537F 1.000 ACCESSORY CASE

TA813F 1.000 2ND.STG.DIFF.ASSY

TA841 F 1.000 TURBINE NOZZLE 397

TG61 1D 1.000 COMB. CHAMBER LNG..TG615D 1.000 TORUS TURBINE

TG618D 1.000 TURBINE NOZZLE 180



PART DATABASE ERROR- -AND STATISTIC REPORT Tues-day, September 4_
25, 1990,

TG622D 1.000 2NDSTG.COMPR.HSG.

TG623D 1-.000 1ST.STG.INLETASSY.

TG624D 1.000 1ST.STG.COMPR.DIFF

TG628D 1.000 2ND.STG.DIFF.HSG.

TG629D 1.000 2ND.STG.COMPR.DIFF

TG631 D 1.0060 BEARING HSG.

TG645D 1.000- WHEEL&SHAFTASSY.

TG816F 1.000- COMPRESSOR INLET

TG847F 1.000 TURBINE-BRG. HSG.

WCDO04 1.000

wcdsae 1.000



PART DATABASE 'ERROR AND STATISTIC REPORT Tuesday, September 5
25, 1990

ERRORS and WARNINGS

Induction Warning PART 01 Q 2" -Q-3 Q4. COUNT

(missing quarters) al

50



Tuesday, 7:47:110 PMOPERATION DATABASE ERROR REPORT September
25, 1990

ERROR TYPE WCD Op Op # OF ERRORS
#, Type

No RCC Name all correct

Bad or No Occ Fac all correct

No OD code all correct

No resource all correct

No quantity all correct

No distribution all correct

No time in Paraml all correct

Bad Param2 ,all correct

Bad Param3 all correct

No DS/AS Name all correct

No SameOne flag all correct

SOY?



2ND -STG- COMPR -HSG

3-

2-

C.)zw

w
L 1

0
30 90 150

FLOWDAYS

5/1V



1ST STG INLET ASSY

4

3-

z
2-

U0.

30 60 90 120 150

FLOWDAYS



1-ST STG COMPR -DIFF

31

2-

0- 20 40 60 80 100-

FLOWDAYS



2ND STG COMPR DIFF

4-

3-

0 2-

U0-

5 10152025303540455055606570758085909!100

FLO WDAYS



BEARING HSG

4-

3 - .

C' 2 -

cc-

uj -'0

-3691LIE22233.3E52EE1456~,E9

FLWDY

1 ,51



TORUS TURBINE

6-

5

4-

z

LL 2

30 60 90 120 150

FLOWDAYS

0
5/ 5



WHEEL & SHAFT

1.2 0

1.0

0.8

DU 0.6-

w
U. o.4-

0.2-

0.0-0((

FLOWDAYS



2ND STG DIFF ASSY. (SHORTSTACK)

6-

LU 4

2-

0-
30 60 90 12Cl5O18C21O24C27C30C33C36C'39O4-2C450

PLO WDAYS

.5,17



ACCESSORY CASE

5-

4--

w 3-

2-

FLOWDAYS



TURBINE BRG. HSG.

6-

5-

4

U' 3

U2-

0-0
-30 60 90 120 150 180 210- 240 270 300

FLOWDAYS



TURBINE NOZZLES

3

2-

00
30 60 9 0 120 150 180 210 240 270 300

FLOWDAYS

00

520



-397 FLOWDAYS HISTOGRAM

10

8-

C.) 6-
zw

w 4-
cc

2-

00
30 60 90 120 150 180 210 240 270 300

FLOWDAYS

0



-180 FLOWDAYS HISTOGRAM

5 0

4

0 3

L 2-

0-
10 20 30 40 50 60 70 80 90 100

FLOWDAYS



ENGINEERING NOTES /0

EMPLOYEE _______________DATE e" 2/ '0 PAGE N". ' &
RCC ,. -/S. - SUBJECT 6-,.<(" , ..

8/27/90

The following are my initial thoughts on: where the work sampling
collection nodes should be, as well as some ideas on how we should
approach the sampling itself.

NODE ONE

I feel that we should initially tag the end items as they are
uncrated, and track them to the disassembly area. Component parts
that are not sent to MATPSI cleaning or inspection should be
identified, tagged, and tracked to the appropriate backshop*. This
includes those items that are sent to the- bid. 360 cleaning area.
This raises an important point. We must count the number of items
in a basket, as we will likely have to tag- the basket itself in -many
cases, rather than the components. This is especially true in these
basket cleaning operations, although- the same concept may apply to
various batch operations in other RCCs.

NODE TWO

Those "parts entering the MATPSI cleaning area are going to be
very hard to tag. I think that the -baskets should be tagged at the
time they enter the area, and the parts timed as they go through the
system, either by myself or, preferably, the supervisor by logging
them in at the start and stop of specific operations. I think this
area will be tough as the processes appear to be relatively short for
individual item cleaning, the volume is high, and the area is rather
cramped, making visual parts tracking difficult to perform.

NODE THREE

DDB SECTION CODE DDS PAGE NO.



ENGINEERING NOTES /05'

EMPLOYEE ,,- - DATE .. 2 PAGE NO.

RCC z)-'e:T SUBJECT -. ,- - , /-<§

Those items routed to -the MATPSI- inspection area should be
tagged as they qL their 24 hr. acclimation period. I think it is
important to- tag them as they enter the area, since they may stay
here longer than the required 24 hours.
NODE FOUR

The parts that are routed from MATPSI should be tagged upon
completion of the last operation. Those items traveling directly to
parts pool should be handled differently than those going to
backshops. When the item reaches the parts pool it should be logged
in. Parts that are kitted should be tagged and tracked during the
kitting process. Both those items sent individually and in kits to
final assembly should be tracked as they leave parts pool on a daily
basis during the period of our study. This is due to the fact that we
also want to track the time required to kit and flow parts through
the parts pool, although this will probably require a sustained
efforts if it is to provide truly meaningful results. The important
point is to try and get an idea of how well the parts pool supports
production. This is going to be an intensive effort, and probably
time consuming, definitely requiring daily monitoring. It may also
present a good opportunity for identifying potential process
improvements.

NODE FIVE

End items or major assemblies leaving final assembly should
be tagged and tracked to final test area.

NODE SIX

Those items failing final test at any stage should be closely
tracked. Dwell time and internal handling of items in this area
should be analyzed with some care.

DDB SECTION CODE DDB PAGE NO.
5A24



ENGINEERING NOTES

EMPLOYEE ________________ DATE o-' -' PAGE NO. "

RCC /,./7 7 SUBJECT . ,- 6 ,

NODE SEVEN thru whatever

All items travelling to- a backshop should be tagged in some
manner and tracked through the whole process until they (or a like
part -chosen for ease of accomplishing analysis) are made available
to final assembly. See note on backshop internal tracking
procedures.

IN GENERAL: The main point is to monitor this -system daily. Since I
believe that it offers a good opportunity for engr. assessment.-
suggestions, the time invested -should pay off. We can expect some
attrition in lost items and components, as well as a certain amount
of corruption in the data being collected: through human error. Again

*the main thing is to be careful to stay on top of the activity. It will
probably be necessary to tag more items to make up for those lost
for one reason or another, so monitoring is very necessary. The
procedures to use for tracking actual hands on labor time is still not

clear, but log book sign in by the supervisor is probably the best way
to proceed.

*NOTE: The receiving area in each backshop, and the manner in which

the part is routed to the appropriate technician should be
documented in detail. How the part is routed to its staging area
after the last operation is completed should also be documented.
How material handlers notify production of incoming work, and how
they know when to pick items up for routing are all important
questions. These considerations will be necessary for each backshop

we encounter.

BACKSHOP CONSIDERATIONS - -
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(1) I am by no means a plating expert. However, I do have

some knowledge gained both through direct observation, study, and
discussions with our program's resident expert. With these
limitations in mind, these are my recommendations and thoughts
regarding work sampling in the plating shop:

Since plating is a batch process, and we can't have any tags on
the part while it is being processed, we are back to tagging either
the WCDs or the delivery baskets. I favour the basket approach,
personally. The parts routed to the plating area can be counted and
logged in when they arrive. The quantity of a specific part could be
logged in at the beginning of the plating operation (probably at the
masking operation) and logged out at the last operation. The parts
would be logged out by the material handlers when they routed them
to another RCC. Since the process times are pretty much set by the
nature of the electro-chemical reactions themselves, we would
expect the physical processing of these items to be fairly
standardized.

[We really should try and get a rough idea how much WIP is in
any particular area, as it appears that a great many parts are simply
lying about the shop floors. If it proves impossible to do this in the
GTE processing areas for this task order, it should still be done prior
to the implementation of any automated scheduling or tracking
systems. It would also allow us to get a better idea of why some

parts set for long periods, while others process in a much shorter
period.]

(2) The machine shop has similar batching considerations. Here,
though, the parts have to be manipulated by hand for the most part.
The main constraint for the batch sizes is probably the time
required for machine tear down and set-up. In this area, we could

DDBEBbE tag the parts themslveSAG(Orthe paperwork). Again, theDDB~ ~ ~ ~ 2 SR 9ED ANO
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items can be logged as they are worked, and the time for material
handling logged separately.

(3) Heat Treat is probably also a batch process also, although to a
lesser extent. The basket tagging method will probably be the
method of choice here, or at least a log of each part delivered.

Note: One thing we need to realize. If you overwhelm the shops with
certain components, you are not going to get a "first in, first out"
flow. This is why some parts flow through the system in 20 days,
while like parts requiring exactly the same repairs may dwell in the
backshops for incredibly long periods. It is simple human nature: If
the last basket delivered is on top, that's the one you take from.

DDB SECTION CODE DDB PAGE NO.
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8/28/90 -

We met with Mr. Cummings, the MAE scheduling branch chief,
this morning. Also at the meeting were:

Roland Moore Plating shop section chief
Jesse Ornelas Bid. 360 cleaning section chief
Herb Rippa Bid. 360 engineering support
Danny Gonzales MATEA T.O. #15 contact
Susan Schattle MATW ALC contact
Greg Gardner MDMSC
Ken Premo MDMSC
Phillip Parker MDMSC

We discussed the subject of work sampling at this meeting.
Some discussion occurred regarding past efforts at tracking actual
flow times. Their was some skepticism as to how effective this
approach will be, but everyone pledged their support for the effort.
Mr. Moore made an interesting statement during this meeting. He
mentioned that unrealistic scheduling (not based on actual
production needs) influenced the backshop production of GTE parts in
a negative manner. Apparently, components are often artificially
prioritized by the requesting RCC, which would naturally erode trust
in future requests for backshop support. The effect of this,
according to Mr. Moore, is that GTE parts remain in backshop until
they can be fit into the backshop's overall workload. If this is true,
it points to the need for realistic scheduling based strictly on
production needs.

This question of realistic scheduling is one of increasing
importance in my mind. In my opinion, and based on my observations
to date, it appears that the most significant problems in the GTE
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production process are:

(1) Lack of component parts accountability.
(2) Lack of process control (inadequate quality control,
unstructured material flow and handling practices, inadequate
scheduling of component processing, etc.).

I really feel that the implementation of a structured
scheduling system would solve many of these problems, and help to
define the actions required to solve others (i.e., quality and reject
problems). I have already mentioned that Mr. Gonzales is trying to
implement a part's accountability/scheduling system in the GTE
production facility itself, but I am afraid that the scheduling of
items through the backshops will require other efforts if true
improvements are to be made. Basically, it is going to take a change
in the way the GTE overhaul and repair process is monitored and
administrated. It will also require, in my opinion, a complete
inventory of all WIP, and well defined material handling and
processing guidelines. I realize that while changing the way people

perform their jobs can be the most difficult tasks of all, the fact is
that no matter how many state-of-the-art parts tracking systems
are installed, they will not be effective without a disciplined work
force willing to follow established directives. If disciplined and
structured work habits can be implemented, these may reduce the
need for capital intensive automation systems. I would also
maintain that a disciplined work force is more capable of achieving
high quality craftsmanship, and are more content in their individual
jobs.

With these thoughts in mind, and given the high exposure that

the work sampling- will give us to floor operations, we will attempt
* to identify those areas where administrative controls can be applied

DBSsent system in both thopiSqleuling of items and the actual
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hands-on processing- of items. -Where applicable, We will suggest
structured approaches- to solving specific process problems.
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To do list
8/29/90

Note: Many of these items are already in progress, and some are
nearing completion. I will update the status of these items as they
are completed.

- Set up an appointment, to talk to Mr. Moore in the plating shop.
.Discuss the work sampling: effort, identify who to interview on
batching considerations and process questions, and discuss
questions of how component handling, and :scheduling is done.

Set up appointments with material hahdiers in all -areas which
need to be studied. Have these -people take us around and show us
where items Ere placed, how they are transported- how production is
notified of their presence, etc.

Check with Mr. Garcia- in 'Machine shop. See if he can set up, a
meeting, with the- Machine shop personnel as we discussed earlier.
The work sampling could -also be discussed at that time.

- Check on the: statu- -f the historical WCDs and report preliminaq
results (see below).

- Complete the presentation sheets and docu
for the high rollers in flow time. Note:i",i
for "high dollar" items?

- Construct the ops files directly from the WCDs at this point
(Danny doesn't want -to influence the work sampling negatively. He
has repeatedly requested- that we do -not perform interviews at this
S ti me).

DDB SECTION CODE DDB PAGE NO.
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Construct the item profiles with both the end item and the
subassembly considerations. Discuss with- Scott the implications of
ASSY/DISASSY, no return to same parent item, high WIP levels,
INV(ENTORY) considerations, etc.

- Construct Resource Profiles (MP only at this time) ASAP for each
RCC. Need to obtain the number of WGs assigned and a shredout of
those who are on disabled and training for the FY90 period. Make
sure that the Suzie Guzeman stuff is sufficient for our needs.

- Need to -obtain floor layouts , organization charts, and 80/20
listings for all RCCs.

- Review Ken's notes and determine course of action on vibe
problem. Research cold jet issues. Get list of contacts and identify
components which are cahdidates for this technology. Notify Greg by
9/4/90. Order software.
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The following is a listing of data relative- to the work sampling
effort. A memo which was compiled from requests for assistance
and coordination by our ALC team mates (found within the body of
this discussion) follows.

Subect; Work sampling and associated Engineering Assessment:
Plan of action.

Reported Condition: While inductions of certain GTE end items have
increased, relative output has -decreased. Demand from the field has
increased due to lower field inventories and recent surge conditions.

Observation: Historical WCDs show extremely =eflow times for
many items. Physical observation of both in-house and backshop
areas reveals a great deal of WIP inventory at various locations.
Interviews with area' supervisors indicates dissatisfaction with ,,,'

unrealistic scheduling and lax and disorganized material handling.z .,,. .,

Opinion: It appears that a relatively severe management and
accountability problem exists. Individual workers and supervisors
are not taking adequate responsibility for parts accountability,
existing material handling is not properly structured or regulated,
and established scheduling procedures are not being followed.
(Supporting documentation follows).

Suggested Action: In order to quantify the actual degree to which
the supposed problems exists, as well as to obtain accurate input
and validation data for simulation model, work sampling is required.

Objectives: Support in-house efforts to solve these problems, as
well as improve quality of process characterization data.

~~~Discsin
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Permission has been received to perform work sampling study
on selected parts (to be specified ASAP) by both MAT and MAE branch
supervision. Formal written notification of this permission will
follow. Please refer to appropriate sections of MDMSC engineering
notes for details of approval process. Tags have been printed at
MDMSC expense to support this effort.

In order to perform the required work sampling tasks, it will
be necessary to gain a detailed knowledge of the routing and
material handling techniques presently used. For this reason, MDMSC
will contact appropriate scheduling and material handling personnel
with the objective of accomplishing actual observation of these
activities in the daily processing of GTE components (coordination
by MATEA personnel required). All associated activities will be
documented (engr. notes, floor layouts, flow charts, etc.) and
presented in CSR findings. All findings will be presented to MATEA
contact for review before incorporation into CSR or other formal
presentation. Errors in these findings will be corrected as
necessary at time of review. Other individuals will be shown the
preliminary findings at MATEA contact's discretion. MATEA contact
will be provided weekly updates of all activities associated with

this task.

Collection nodes previously identified will be confirmed or
modified as the material handling system is analyzed. Given the
relatively short amount of time remaining available to performance
of this effort, tagging shall begin as soon as possible. If selected
collection nodes prove inadequate, tagging will be performed at new
locations determined to be more suitable for the task. While this
may appear to be sub-optimal, it represents the most effective use
of available time in my opinion.
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In order to determine where established scheduling and
material handling procedures are inadequate or not being properly
followed, MDMSC proposes to perform an analysis of relevant MAOI
and related procedural instructions. MATEA and MAWF coordination
is required for this effort. Existing- procedural documentation must
be provided as soon as possible. Assistance is also requested in
obtaining floor layouts and organizational charts for areas to be
studied, personnel staffing levels, and 80/20 lists of each area's
total workload.

Start date for actual tagging of items is expected on or before
9/4/90. Initial length of study is expected to be one month from
this date, although study may continue in a modified form for entire
length of Task Order at MATEA contact's request -(subject to

*MDMSC/ALC joint approval).
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8/30/90

Danny Gonzales is out of town until 9/5/90. I was tasked with
contacting the scheduling personnel responsible for material
handling in- both the MAT and MAE divisions. Unfortunately, my
contact in scheduling, Mr. Zurita, was not available. I was unable to
contact his alternate. Mr. Cummings, who we talked to earlier
regarding the MAE scheduling- support, _provided me with the names
of the scheduling personnel in the cleaning, plating, and heat treat
areas who will need to be contacted. I have attempted to call each
of these gentlemen today, with no success.

I have. spent some time with Ken Premo during the last several
days in coordinating- and assisting with his efforts in studying the
reported vibration problem. I have reviewed his notes on the
subject, and concur with his findings and observations. Please refer
to Mr. Premo's notes for specifics. We have also collected
information from several different log books relating to final test
failures, retest data, and various other information. This data will
be formatted, graphed, and presented at a later time. This data will
most likely be presented in the CSR in some form. Discussions with
our ALC contacts indicate that they were aware of many -of our
findings. We were somewhat distressed by the fact that there does
not appear to be any actual ALC documentation of these problems,
which we feel are relatively severe. In our opinion, there appears
that there is a lack of quality control in many areas of the GTE
process, as well as the need for more training and accountability in
the various repair and inspection processes involved. These
subjects will be discussed in more detail- in a later section of these
notes, and will be available for comment by our ALC contacts before
the CSR is written in even draft form.
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Tomorrow has been designated as an energy conservation day,
which means the work areas will be closed to non-essential
personnel. The IPI group will use this time for an off-site meeting
to discuss several task order issues, as well as various program
concerns, desired model enhancements, and other items of interest.
One particular topic I plan to bring up is the need for a more
structured approach to engineering assessments in the ALC
environments for future task orders. I have felt for some time that
this is an area requiring attention by all involved MDMSC team
members.
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9/4/90 -

We obtained our formal notification of permission to- begin
work sampling this morning (letter attached). This letter is being
distributed to various personnel throughout the GTE RCCs. I was
unable to find out whether the letter would be distributed across
division lines and throughout the various backshops. If not, I
envision a rather time consuming effort in disseminating
information to the involved parties.

As the parts tracking tags we are having printed have not yet

arrived, I asked Mr. Gardner to check on their status. It -is essential
that we obtain these as soon as possible.

I was still unable to contact Mr.; to discuss the "work

sampling" effort. I did speak to Deborah Hall, who is his alternate.
Ms. Hall did not foresee any difficulties with the parts tracking

effort, although she referred me to a Mr. Perez, who handles both the

parts pool and the material handling personnel. Mr. Perez,. will
therefor be one of the key personnel involved in this effort. I left

messages with Mr. Perez's office several times this afternoon, but
he never returned my calls. I will attempt to contact him tomorrow

morning.

Mr. Premo and I spent the rest of the day familiarizing ourself
with logical areas for tagging and collecting of the parts tracking

data.
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1. "-Tli McDonnell Ioutglas'Kiss -fa Systems Comrany (l{OMSC) i Ii the process of
)uild(lnil a computer- siniulation model of the GIE oYarhaul-repair process, ThIls

atoddl requires sgyt.4.types of data to be Inputted before It can be used for
process streamiffil'ng', experimentatlon, vaiidation of equipment purchases in
eoxces of two million dollars, and validaLlon or all military-constructIon
projects. Data collected to data Includes labor standards,-repair operations,
hiistcrical WC) data, Induction scl;vdules, and manpower/o(ulp e { availability/
Ut HI zati on.

2. The rost critical data element In the sir.ulation model is actual flow
tImo. MVDSC proposes to collect this data using work saklpling techniques
requiring the "tagging' and tracking-of tip.se parts- through the repair
process. Although this method is labor Intensive and tite- consuming, it
remaIns the most accurate coIlectilon tecClniique (or current data. Fifteen (15)
"Critlcal Items, items Whilch historically have long flow times, have been
identlfled as parts to lie tracked. Theso (Lers are;

E NG IME 1 TIM P/A. GTCPC5-180 Cornbu.t Ion Chambtr Liner -099244-3 '

GTCPIS-18O rorus Turbine 968959-2 -
GTCI)8S-100 Ist Stage Inlet Asseri:uly 6901197-1
GTCPOS-180 2nd Stage Compressor liousing 6981911 -"
G1CPYb-10 Wheel and Shaft Assemly 3606982-1 .Y
GTCPIS-980 2nd Stag, Diffuser iousing 690195-I -

GIC PV5-l(,O Turbina f'ozzle 9608!86-1 -
GTCO8f5-180 1st. Stage Compressor Iliffuser 698194-1 vI
GICPOS-160 2nd Stage Cowlressor DIffuser 892290-1 '"

GTCIPUIS-110 Bearing lious itg 696659-160 t
GTiPdS-397 211d Stage Hous log 372641-100 "
GICI'bS-397 Deswirl 76443 V"
GTOCli5-397 2nd Stage Diffuser 37323
GTCI)e5-397 Accessory Case 372896-16 V
GTCP65-397 CoMpressor Inlet Ap' ,V,, J 3762e3-20 R

"T-'k - t'u ll, ,3 -3 3- 7 .< -A-

3. Request MATI and MATS assist01n' o ,ctLno this data. '"he scadulars

auid parts expediters are requested to r-ork the time, day, and RCC's from which
tile tagged items are movod to and from. The data can be collected on cards
(see ALcI-1 ) which wi1l be attached to WCD packaoge. This Information will be
collected by VDV&C personnel at severa-1 collection nodes across t110 repdfr
process.. Production Foriman are requested to wark the time and day work
beyins/ends on a tagged Item. This data can he marked In a log book, also to
be collected by MVHSC personnol. The perlodl of work sampling will be oiie
ionth, erfective 04 Sep 90.

5 ,-- -- ,
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9/5/90 -

I had asked Mr. Vroman and Mr. Gardner to meet with Danny
Gonzales to discuss various modeling issues which now face us. We
all met at 9:30 this morning, and Ms. Schattle was also present.

While some modeling issues were discussed, there was discussion of
engineering assessment and parts tracking as well. We discussed
my plans for using log books to capture process times, and the
manner in which we would use the data from the blue tracking tags
to obtain IN and OUT times. I mentioned that we would need to
exercise care in using the tracking data as direct model inputs, as
this data would contain actual process queues (such as batching
times, process mandatory flows, etc.) which we would expect the
model to simulate. -Direct input could therefor lead to exaggerated

O flow times.

After Mr. Gardner left, Ms. Schattle reminded us pointedly that
we needed to obtain model input data as quickly as possible, her

emphasis being on the data we are collecting from the work
sampling effort. She was quite adamant on this, and left me with
the distinct impression that she felt that our efforts in this area
were -lacking. She further stated that Mr. Gonzales also felt that we
were not performing to their levels of expectations -in this area.

I am a little confused by these turn of events. We did not
receive the parts tags until yesterday evening, and the -formal
notification letter was not provided by the ALC administration until
yesterday morning. I was also under the impression, wrongly I now
understand, that Mr. Gonzales was going to be responsible for
contacting many of the floor and support personnel about our tagging
efforts. Since these efforts have all fallen to Mr. Premo and I, our
job has been seriously complicated. I have no problem with

DDB SE fing the extra workload n I do understand their concerns
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for the timely completion of this task order, but I would prefer a

little more reasonableness in these matters. I was given to
understand that both Ms. Schattle and Mr. Gonzales felt that I could
have done more in preparing for this effort, and perhaps should have
already had it in operation. I would like to point out that it would be
somewhat difficult for a contractor to show up in a production
chief's or scheduling chief's office and announce such an undertaking
without proper approval letters in hand. I would also like to point
out that MDMSC personnel, when informed of the request that we
undertake parts tracking (on 8/16/90, a full month after the task
order began), have performed almost every aspect of realizing- this
request to date. This has included identification of many of the
items to be tracked, structuring the methodology to be used,
identifying the collection nodes. and actively assisting in selling the
concept to MAT and MAE management personnel. If we are now to be
criticized for not having undertaken the tagging of parts earlier, I
would like to point out that we are now expected to individually
contact each and every production foreman, scheduler, and material
handler who would be effected by this undertaking, as well as pay
the necessary courtesy visits to the various RCC management
personnel. Until this is done (and I maintain that it would be
impossible to have done it before we had the formal permission
letter in hand) it would be a waste of effort to begin the physical
tagging of parts.

I was again unable to meet with Mr. Perez to discuss the parts
tracking efforts. If I can not obtain a meeting with him by tomorrow
morning, I will have to contact his supervisor, as it is critical to
obtain the cooperation of the material handlers and the parts pool
personnel at this time.

DOB SECTION CODE DOB PAGE NO.J 4A
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9/6/90 -

I met with Mr. Perez this morning to discuss parts tagging and
the role his personnel (material handlers, parts pool) would have in
this effort. Mr. Perez was very helpful, and we agreed to get
together at noon for a tour of the parts pool and a discussion of the
kitting operation.

After speaking to Mr. Perez, I went to the both the GTE final
assembly and the final testing areas. After discussions with the
shop foremen of these areas (Mr. Somora and Mr. Vaquera
respectively), I have determined that it would probably be
unproductive to attempt to log items in these areas. The parts
required to build a GTE are delivered in Kit form to final assembly,
and the number of GTEs produced is predetermined for the month.
The actual assembly time is also fairly constant, although some
variation can exist due to alignment and fit problems. I am afraid
that we would not be able to obtain a clear picture of the assembly
times in this area using the log book technique, especially since
there are no -397 engines scheduled out this month. Likewise, the
test times for the finished products are relatively fixed, and the
variation which occurs due to rejects is best determined, in my
opinion, by interview and use of the shop's log book. I would also
point out that the labor standards for these areas are fairly well
developed, and should serve as a good reference and check on any
interview data obtained.

-Mr. Gardner, Mr. Premo, and I went back for our appointment
with Mr. Perez this afternoon. The discussion was informative. We
were shown how kit shortages are displayed on tags attached to the
kitting baskets, as well as how parts are delivered to the area, and
then sorted into kits. We also discussed the relatively frequent
occurrence of parts shortages, and the procedures used to handle
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these. -Mr, Perez aqreed to log all parts enterir-g the parts pool
which have been tagg ed and are being :xAuin our effort. He also
agroed to have the material- handlers under his supervision log items
in and out- of the various ROCs.
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9/7/90 -

I met with Mr. Mosman this morning, who is responsible for
scheduling operations in both MAEPNC and MAEIAA. He also is
charged with these duties in MAEPDB. Mr. Mosman pledged support
for this effort, and introduced me to Mr. Tendall and Mr. Gilbert, who
are responsible for the shop scheduling and material handling
practices in these areas. Mr. Premo and I met with these gentlemen,
and discussed what -we would be doing. They both agreed- to
cooperate with our efforts.

Mr. Gardner, Mr. Premo, and I also met today- with Mr. Negben,
who is the MATPSI section chief. Also present was Mr. Gonzales, and
Mr. Albert Musquiz and Gilbert Torres, who are foremen. in the
inspection and cleaning areas- respectively. We discussed the
manner in which we would track parts in these areas, as well as how
we would capture actual process times. We also discussed the new
cleaning line, as well as the use of Cold Jet cryogenic blasting
techniques in this area. We obtained good support for the tagging
effort, and there were several excellent suggestions from the
production personnel as to the best way to track items traveling to
the MAEPNC cleaning line. As these parts are all sent in large
modules with no item- by item handling, it was decided to tag the
paperwork accompanying the module. As I mentioned above, Mr.
Mosman's people have already been notified.

There was some interest expressed about our mention of -Cold
Jet. MATPSI personnel agreed to provide us with various items
requiring cleaning- which could be taken to the Cold Jet facility for
processing and testing. To be fair, I should mention that I broached-
this subject with .Mr. Kiker earlier, and he was less than enthused
with the- idea. He did not have problems with the technology, but
rather was skeptical that funding could be obtV'!Ad, especially given-
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his experiences with the new cleaning line. I sympathize, but I
should point out that any process which has the potential of reducing
environmental contaminants is worthy of study. We will pursue this
line of inquiry, and present our recommendations at a later time.
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9/10/90 -

Ken Premo has taken responsibility for parts tracking in
MATPSI cleaning and inspection, MATPNN welding, MAEPDB heat
treat, and MAEIAA flouride ion cleaning. Mr. Premo is in the process
of tagging items in these areas at this time. I will be responsible
for tracking parts in both the machine shop and the plating facility.

This morning I met with Mr. Gilbert, the scheduler in MAEIAA.
Mr. Gilbert explained routing procedures for his area, as well as how
these interact with -machine shop. functions. We discussed his role
in- the tracking of -parts in the plating shop, which was somewhat
involved. I am hoping that this will not prove to be too much of a
burden on Mr. Gilbert's daily routine, as he is the only scheduler for
this area, and appeared quite well utilized. He struck me as -a very
conscientious person, and I am confident he will do his best for us in
these matters.

I spoke with Mr. Sanchez, Who is the administrator of the
machine shop. He was very supportive of the -parts tracking idea. Mr.

Sanchez also talked about some of his -experiences in working with
the GTE process over the last several years, which was very
informative. I also attempted to meet with Mr. Richard Garcia, who
is the scheduling chief for the machine shop. He was on sick leave,
and I went ahead and called Mr. Ynostrosa, who is in charge of the
material handlers for this area. We are to meet at 10:00 AM
tomorrow.
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9/11/90 -

I met with Mr. Ynostrosa this- morning. He was quite
displeased with the idea of tracking parts, and was very vocal about
his concerns that-the requirements to log parts in and out of the RCC
was going to create a 'hardship on the material handlers. I felt that
it would be better to let him vent this displeasure, rather than just
try to mandate his cooperation. (We already had obtained his branch
chief's permission, as well as the permission letter which I showed
him). I spent nearly two hours discussing this subject with Mr.
Ynostrosa, and I feel confident that he will cooperate in our efforts.
I requested that he allow me to ride with- his parts
expediter/material handlers to get a better idea of how much actual
work was involved. He was quite happy that I do so, as he felt I
would be overwhelmed with the amount of work that our parts

tracking would entail. In actuality, I was simply interested in
learning the parts routing procedures his people -use. It did not seem

politic to mention this fact. I will meet with his people at 6:45 AM
Thursday morning.

I met with Mr. Moore this afternoon. Mr. Moore is the branch
chief in the plating area, and he also pledged his support for the

parts tracking effort. We had met with Mr. Moore earlier last month,
and he had expressed reservations. He still feels that we would have
more success with interview data than with logging parts as they
actually enter the plating- process. He refered me to Mr. Kneapper,
who is the first line supervisor for the area. Mr. Kneapper and I
discussed the matter, and he felt it would be very difficult to log
the items into a book at the beginning of the process. This is due to
the variability of the plating processes used, the various mandatory

dwell times involved, and diverse workload/prioritization

considerations. We agreed to modify our efforts in this RCC, and he
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will alert his people -to document process times for the length of-
this study.
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9/12/90 -

I obtained both the overall WCD as well as the high level stats
for the 1st stage compressor inlet housing from Susan Randolph this
morning. These will be helpful in our efforts to study this critical
part.

I spent most of the day walking through the various GTE
process areas, attempting to get a better idea of how parts are
routed back and forth between the process centers. My initial
impression is that the backshops, perhaps because, of their diverse
workloads, are more well structured in there routing and material
handling practices than are those found in bid. 329 itself.

I also spent some time updating model files, especially item
and operation profiles. I updated the historical documentation of our
spreadsheet files at the same time.
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9/13/90 -

I rode around with the machine shop material handler this

morning. It was extremely informative. The flow into and out of the
machine shop is well regulated, with pickups and deliveries made on
a regular basis. The incoming and outgoing points are clearly marked
and logically organized, and most WIP is neatly contained on various
metal racks bordering the work areas. I was also shown where
items are delivered and picked up in the plating area, as well parts

pool in bid. 329. I would suggest that there are several areas in bid.
329 which could benefit from this structured routing system, and I
will discuss these in more detail at a later time.

Mr. Gardner and I met with Pete Garza, Susan Schattle, and the
two ALC task order leaders this afternoon. We discussed various
items of interest and concern that they had. For the most part, it
was decided that MDMSC/ALC personnel need better communication,
and our ALC teammates took most of the action items required to
accomplish this. We agreed to be more available with our daily -and
weekly objectives, as well as communicating these to our task order
leaders. I feel as though we have always done this to some extent in

the GTE area, but I admit that improved communications is always a
worthy goal. The most important point to come from this meeting
was the allowing of interviewing in certain areas of the GTE repair
processes. Work sampling/parts tracking will continue unabated. I
was very grateful to Mr. Gonzales for this, as it will greatly assist
my efforts to structure the operation profiles for the model.

9/14/90 -

I spent today performing the parts tracking tasks in machine
shop and plating, as well as contacting the various supervisors to-

set up interviewing for next week. I also assisted Mr. Premo with
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his parts tagging, as I feel that it is important that we each are
familiar with all aspects of the parts tracking efforts.
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IPI EXPERIMFNTATION

1) Reduce WIP. -What effect would a reduction in WIP cause on
t'hroughput?

-'-ia. accelerate WIP and analyze the eff-ect on production.

'9 //i,>b. increase WIP and analyze the effect on pi-oduction.

c. For Phil: calculate WIP( S amountJ

g 2) Reduce manpower by 5, 10, 15, and 20%.

a. What adverse effect does this have on throughput?

b. What adverse effect does this have on flowtime?

3) Simulate Surge Conditions;

a. Increase GTE demand by 25, 50, 75, 100%.

t*,,,g/. >b. Increase # b-f shrifts( PSI, PUB. PNC)

C 4) How will the Short Stack tranter to B329 effect throughput?

,V 5) Reduce the GTE rejection rate.

a. Reduce GTE rejection rates in 2% increments and analyze
the e;fect on production.

0) Reduce the Sub/Final assembly rejection rate.

a. Reduce machine shop rejected items in 2% i-ncrements and
analyze its effect on production.

C 7) GTE Inductions.

a. Vary ne GTE induction rate : - constant inductions
- once a month

A detailea analysis of each e)perimentation run and
associated savings is ivequired.
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EXPERIMENTATION TAGUCHI SET UP

GTE experimentation consisted of the taguchi array L(4)L(9 ). This is an-L(9) inner
array with an L(4) outer-array. 36 runs are needed for the experimentation [L(9) *
L(4)]. Two seeds were used for each experiment and the results averaged for a total of
72 runs.

The L(9) array consists of 4 factors at 3 levels each. The factors and levels are:

Factor L(9) 1: Manpower

Level 1: As Is
Level 2: Decrease by 10%
Level 3: Decrease by 20%

Factor L(9) 2: Workload

Level 1: As Is
Level 2: Increase by 50%
Level 3: Increase by 100%

Factor L(9) 3: Reject rate at final test

Levell: As Is
Level 2: Decrease by 50% (to 12%)
Level 3: Decrease by 100% (to 0%)

Factor L(9) 4: Work in Process - for GTE subcomponents

Level 1: As Is
Level 2: Create initial floating stock to 10% of average WIP
Level 3: Create initial floating stock to 30% of average WIP

The L(4) array consists of 2 factors at 2 levels each. The factors and levels are:

Factor L(9) 1: Moving much of the bearing housing work in-house to GTE

Level 1: As Is
Level 2: Moving in house

Factor L(9) 2: Inductiors

Level 1: As Is in model-inductions randomly through the month.
Level 2: Inducting all GTEs at day 1 of each month

7



EXPERIMENTATION- PRELIMINARY RESULTS

The following section describes the results shown by examining the inputs ,o and the
outputs from experimentation:

BEARING HOUSING - Moving the bearing housing in-house makes sense because of
the large amount of time the parts sit in backshops waiting to be worked. Moving the
work in house can remove most of the waiting time since the part is now- most worked
under GTE control. The results effect flowtimes of the bearing housing, but not the
overall GTE flow times because other subassemblies have longer flowtimes.

INDUCTIONS - Inducting the GTEs at the beginning of the month adds about 4 days to
the flowtime, since there is a large number of GTEs at once waiting for disassembly
[but excluding the time spent waiting for subassemblies, processing flowtime
increases by about 40%]. It is better to spread-the-inductions over the course of the
month. Weekly inductions would ease the strain on inducting large numbers at the
beginning of the month.

MANPOWER - Manpower was reduced for in-house personnel in building 329. While
the 10% reduction showed little effect, a 20% reduction shows an effect. Mainly the
incoming inspectors are affected, since they are the highest utilized in the model.

WORKLOAD - Increasing the workload by 50% has little effect, but increasing it by
100% has a large effect. Again, the incoming inspectors are they bottleneck. If the
workload were to increase above 50%, either the inspectors will have to inspect faster
or their number should be increased. It appears from the historical data that personnel
in the MATPNC area do much of the inspection of the parts anyway. If the workload
were to increase, PNC may be able to formally share in the inspection of the parts.

REJECT RATE - Decreasing the reject rate improves the model flowtimes. The effect is
small because the most of the flowtime for a GTE is spent waiting [in the model] for its
subcomponents. While the effect in the model is small, the effect on the GTE
production process would be large because of the scrambling that occurs at the end of
every month to meet the monthly production goals.

WORK IN PROCESS - Finished subcomponents were put into the model to show the
effect of overinducting GTEs so that a "good" part can be stripped off a GTE in order to
put on a GTE that is almost ready to be sold. The effect is to reduce the overall flowtime
for a GTE, but to increase the overall number of subcomponents in the model. When
over-induction occurs over a large period of time, a large amount of work in process
occurs.

SUMMARY

Much of the effects from experimentation were obscured by the fact that most of the
flowtime for a subcomponent is spent sitting idle. Less than 5% of the time is needed
for processing. Most of the idle time is spent in backshops that GTE has no control
over. The historical data suggests that the excessive flowtimes are due to a lack of
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coordination arising from a part travelling all over the base to many different
backshops rather than waiting for busy equipment or manpower. Since the backshops
service a large number of customers [often with the GTE workload a small part of their
entire workload], they have little incentive to produce the needed parts in a timely
matter.

Moving the work in-house to the GTE area would provide GTE control over the process
and would reduce the subassembly flowtimes drastically [an estimnated reduction of
60-85%]. Most of the large current WIP would not be needed to support monthly
production and over-inductions in order to meet production goals would not be
needed if the work was performed in-house in building 329.

If the manpower and machines currently being used in the backshops were to be
transferred to GTEs, the only additional cost would be the moving cost. As much of the
work as possible should be moved in house. An informal JIT-pull system currently
exists [supervisors try to-"pull"-critica parts out of-the backshop], but a more-formal one
could be set up if more of the work were to performed in-house.

An automated part tracking system would greatly aid in the management of the in-
house work, since problem areas could be identified quickly [areas where critical parts
are waiting] and management would have the ability to resolve the problems. For the
same reasons an automated part tracking system would greatly aid in the
management of the current in-house work.

Currently inductions are such that a large number of GTEs are disassembled at the
beginning of the month, and a large number are assembled and sold at the end of the
month. This results in manpower and equipment that is highly utilized part of the time
and idle the much of the time. Inducting GTEs on a weekly schedule and selling them
on a weekly schedule would smooth the demand on resources and increase
production [rather than being idle due to a lack of work at the beginning of the month,
personnel could be working on selling GTEs.

Smoothing inductions and sells, bring work in-house and adding an automated part
tracking system could increase GTE production by 20-30% and quality by 40%.
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GIE - EXPI1,l GTE EXP 1 SPR

RUNI1 RUN 12

nmi wTin. sr rE sT wr m , n m Ave wip -rsu Tim sr Ev NU4 air iNm AvE wip
iST.S'IG.O:M.DIFF 993.14 549.99 69 70 7.4 973.98 586.94 GD 71 7.8
1ST.SIG.INlErA3SY. 1573.5i 864.05 E5 70 12 1460.29 866.14 70 71 11.8
2ND.STG.Oa4R.6iFF 2008.63 1473.81 70 70 15.9 1619.97 1007..23 (B 71 13.7
2N.S'IG.DIEF.&;.rY 3317.43 1335.24 129 130 49.2 3247.68 1142.56 131 131 49.5
2ND.STG.DIFF.HSG. 2247.43 1483.02 75 70 17.6 2188.59 1222.81 6D 71 19.8
2mmG.CCvR.HSG. 2175.55 1044.55 76 70 17.1 2130.89 1011.12 70 71 17
ACESSMY CASE 420.01 179.95 130 130 6.3 436.37 224.49 13 131 6.5
BACKSHCP 180 -300.72 421.16 71 70 10 1278.96 437.96 73 71 10.5

BACKSHP 397 666.12 577.48 128 13 9.8 636.79 597.26 131 131 9.4
: BAPISNI IG. 2585.21 1127.95 77 70 21.2 2741.4 1798.16 76 71 22.4
cmS. Mh/em LN.. 709.45 196.79 6 70 5.3 737.19 217.27 73 71 5.9
OPSSR INLET 1789.64 1120.51 135 133 26.6 1572.88 1168.66 129 131 23.8

CIE -397 3508.18 209.5 127 132 52.7 3492.54 197.13 133 132 53.2

WGPSI 180 CNLY 717.69 159.8 67- 70 5.5 723.03 144.5 71 71 5.8
ITPSI 397 CNLY 737.99 156.43 130 130 11.1 729.19 150.48 128 131 10.9

ImUS *IjJIE 1009.01 354.64 6 70 7.6 1001.16 398.96 73 71 8
tP INE BRm. =SG. 2386.49 2010.9 136 130 31 2557.69 2137.75 124 131 40
uaiINE NOZZLE 180 1545.23 1022.23 (5 70 12.2 1542.56 1116.59 63 71 12.3
MI1BNE NOZZLE 397 2050.52 1758.16 133 130 30.3 1839.53 1974.52 126 131 28

MML&SHA'FTASSY. 2105.31 1045 75 70 15.8 1930.78 765.55 74 71 15.7

TWO RUN AVERAGE
ri"M NIE FICW TIME ST EEV NM aIr NMIN AVE WIP
lST.STG.OCM.DNF 983.6 568.5- 69.0 70.5 7.6
lST.SIG.INLErASSY. 1516.9 865.1 67.5 70.5 11.9
2ND.SI.OPR.DIF 1814.3 1240.5 -69.0 70.5 14.8
2ND.SIG.DIFF.ASSY 3282;6 1238.9 130.0- 130.5 49.4
2ND.STG.DIFF.1SG. 2218:0 1352.9 67.5 70.5 18.7
2NDS7G.0CWR.HSG. 2153.2 1027.8 73.0 70.5 17.1
ANXSOMY CASE 428.2 202.2 130.0 130.5 6.4

CKSCP 180 1289.8 429.6 72.0- 70.5 10.3
BACKSHR 397 651.5 587.4 129.5 130.5 9.6
BEARINS HSG. 2663.3 1463.1 76.5 70.5 21.8
CO8. G1X73E LN3. 723.3 207.0 69.5 70.5 5.6

saf INlET 1681.3 1144.6 132.0 130.5 25.2

WTPSI 180 CNLY 720.4 152.2 69.0 70.5 5.7
MAPSI 397 CNLY 733.6 153.5 129.0 130.5 11.0
%tmlUS TurBINE 1005:1 376.8 71.0 70.5 7.8
UIME I31. HSG. 2472.1 2074.3 130.0- 130.5 37.0
'iNRBIlE NOZZLE 180 1543.9 1C89.4 66.5 70.5 12.3
TIRBINE NOZZLE 397 1945.0 1866.3 129.5 130.5 29.2
WEEISIMIFTASSY. 2018.0 905.3 74.5 70.5 15.8

GIE - EW'I2,1

Fall1 RUNJ 12

IT7mN WE FIcW TiE STLEV ow Nmair " N AvEWIP FmWTDhE ST[E-v NL,,air ILIIN AVEWIP
Ir.STG.tPVR.DIFF 1009.15 558.27 107 107 12.1 932.47 502.31 107 109 11.6
IST.SI.INLETASSY. 1572.49 794.79 104 107 19.4 1487.97 1050.19 107 109 19.9
2ND.SIG.:MPR.DIFF 1746i87 1188.04 113 107 21.8 1877.09 1242.37 104 109 23.3
2ND.SG.DIFF.ASSY 3323.46 1295.12 202' 200 76.3 3277.9 1278.03 209 200 75.3
2ND.STG.DIIF.tISG. 2111.94 1322.59 102 107 26.2 1968.05 1378.98 111 109 23.9
2NDS'TG.CO VFR.tISG. 2299.82 1125.14 109 107 29 2086.38 1163.02 108 109 25 2
AXOESSClY CASE 427.71 200.25 204 200 9.8 419.62 219.38 198 200 9.5
PXKSI#ZP 180 1246.29 397.41 107 107 15.3 1326.13 410.22 106 109 16.3
BACKS"CP 397 707.52 770.55 198 200 16.2 722.39 857.95 205 200 16.9
B2ARING IHGS. 2612.59 1352.22 106 107 32.6 2644.67 1440.36 108 109 32.3

o2m. a imam LNG. 725.04 182.02 107 107 9 710.92 190.36 108 109 8.9

aCzp8ESSm INLET 1626.86 1117.91 200 200 3D 1702.42 1214.28 198 200 38.4



GIE -397 3340.61 221.75 198 200 Glg.gXP I SP 50 .4  153.73 206 200 75.1
t.ATPSI 180 (NLY 836.43 169.78 107 107 10.2 821.03 162.65 108 109 10.2

* %TPSI 397 CNLY 851.25 170.05 201 200 19.5 839.39 169.24 200 200 19.1
ITmUS IuINE 1042.83 390.67 108 107 12.7 979.1 388.02 105 109 12.2
MURSINE Bm. HSG. 2502.21 1996.01 197 200 57.2 2405.53 1827.08 203 200 55.7

TPBINE NOZZLE 180 1787.35 1336.38 114 107 22 1828.36 1436.17 107 109 21.8
MfPSINE NOZZLE 397 1923.18 1911.68 198 200 46.6 1649.21 1673.04 199 200 40.9

WVEILSHAFTASSY. 1881.89 696.75 109 107 23.3 1912.17 756:86 104 109 24.1

TWO RUN AVERAGE
I fMlD 4 E FLW TIhE ST E.V NLM Ti NLM IN AVEWIP
1ST.SG.02fR.DIFF 970.8 530.3 107.0 108.0 11.9
IST.SG.IN LETASSY. 1530.2 922.5 105.5 108.0 19.7
2ND.STG.CaR.DFF 1812.0 1215.2 108.5 108.0 22.6
2ND.STG.DIFF.ASSY 3300.7- 1286.6 205.5 200.0 -75.8
2ND.SG.DIFF.HSG. 2040.0 1350.8 106.5 108.0 25.1
2NDT.caviPR.HL G. 2193.1 1144.1 108.5 108.0 27,1

AO=SORY CASE 423.7 209.8 201.0- 200.0 9.7
BA(SMHP 180 1286.2 403.8 106.5 108.0 -15.8
PACKSHOP 397 715.0 814.3 201.5 200.0 16.6
BEARING I15G. 2628.6'1396.3 108.0 108.0 32.5
Oc B. cH14m LNG. 718 0 186.2 107.5 108.0 9.0
CURUSCR INLET 1664.6 1166.1 199.0 200.0 38.7

MWPSI 180 ( LY 828.7- 166.2 107.5 108.0 10.2
W4TPSI 397 CNLY 845.3- 169.6 200.5 200.0 19.3
IMUS-TUBIN 1011.0 389.3 106.5 108.0 12.5'

MPBINE BRG. HSG. 2453.9 1911.5 200.0 200.0 56.5
TLPBINE NOZZLE 180 1807.9 1386.3 110.5 108.0 21.9

MRBINE NOZZLE 397 1786.2 1792.4 198.5 200.0 43.8
WHEEISAFASSY. 1897.0 726.8 106.5 108.0 23.7

GIE - EXP13,1

luiol RUN #2

Ilm N E FICW TDIE ST DEV " air NLH IN AE WIP FLCW TUC ST CEV CaUT NLH IN AIE WIP
IST.SIG.OO*PR.DIFF 976.07 523.57 137 142 15.2 1095.05 717.73 145 -144 17.6
IST.STG.INLETASSY. 1644.01 924.63 144 142 26.2 1513.3 859.56 144 144 25.1
2ND.STG.(FR.DIFF 1841.6 1292.08 140 142 29 1765.32 1230.08 150 144 27.8
2ND.SIG.DIEF.ASSY 3249.72 1190.2- 268 267 99.7 3128.84 1094.75 257 266 95.3
2ND.SIG.DIF.HSG. 2042.17 1432.76 152 142 32.6 2041.3 1276.18 150 144 m
2NDSTG.CaR.HSG. 2358.21 1223.84 144 142 37.3 2302.25 1317.79 151 -144 37
AOESSCRY CASE 406.26 190.03 271 267 12.7 430.3 183.65 269 266 13
BACKSI(P 180 1297.64 440.15 140 142 20.6 1336.21 453.4 145 144 22.1
B3ACKSHP 397 699.84 657.43 271 267 22.1 775.16 894.15 266 266 22.7
BEARING HSG. 2732.09 1624.96 149 142 42.3 2919.85 1898 -151 144 48-7
cBS. CHAN4 1 143. 715.44 178.02 136 142 11.3 721.76 190.06 146 144 11.7
C4'8ESSCR INLET 1658.43 1182.04 271 267 50.8 1649.51 1134.43 274 266 49;5
GIE -180 3188.61 617.93 120 144 53 3589.92 552.98 15 144 60.7
GE -397 3356.86 437.44 228 264 104.1 3679.43 562.87 213 264 111.8
MtThSI 180 CNLY 3145.89- 670.94 110 142 51.5 3578.56 590.29 108 144 59.5
MTPSI 397 CNLY 3138.93 684.94 201 267 96.2 3596.91 639.93 202 266 108.3
TImUS 'R8INE 1058.25 373.54 140 142 16.7 1011.22 355.61 147 144 16.4
I1RI E IRG. FSG. 2280.33 1856.41 262 267 70.9 2465.49 1914.42 267 266 73.4
MUBINE LZZEE 180 1689.72 1173.18 -145 142 26.7 1710.75 1210.48 144 144 28.9
MRBINE NOZZLE 397 2035.99 2007.42 257 267 65.8 1924.79 1829.96 265 266 5B
IEEL&SIAFTASSY. 2000.14 825.53 141 142 31.9 2012.75 790.22 146 -144 33.6

TWO-RUN AVERAGE
IJEHNA E FEW TPIE ST [V KHar CT "IN AVE WIP
1ST.STG.(al'R.DIFF 1035.6 620.7 141.0 143.0 16.4
IST.S'IG.INLETASSY. 1578.7 892.1 144.0 143.0 25.7
2ND.STG.CC'R.DIFF 1803.5 1261.1 145.0 -143.n 28.4
2MD.SIG.DIFF.ASSY 3189.3 1142.5 262.5 266.5 97.5
2ND.SI'.DIFF.HSG. 2041.7 1354.5 151.0 143.0 33.8
2NDSTG.CaFR.HSG. 2330.2 1270.8 147.5 143.0 37.2 2

595



bOESSCRY CASE 418.3 186.8 270.0 266.5 G1Tf.XP 1 SPR
BACMSWtP 180 1316.9 446.8 142.5 143.0 21.4
BACMRP 397 737.5 775.8 268.5 266.5 22.4
: EARING HSG. 2826.0 1761.5 150.0 143.0 45.5
CCM. H EIM. 718.6 184.0 141.0 143.0 11.5
o2PESSCR INLET 1654.0 1158.2 272.5 266.5 50.2

HkuSI 180 cNLY 3362.2 630.6 109.0 143.0 55.5
-'JPI 397 CNLY 3367.9 662.4 201.5 266.5 102.3
ITRUS MBINE 1034.7 364.6 143.5 143.0 16.6
M IIBINE BRG. HSG. 2372.9 1885.4 264.5 266.5 72.2

TURBINE NOZZLE 180 1700.2 1191.8 144.5 143.0 27.8
tPBINE NOZZLE 397 1980.4 1918.7 261.0 266.5 61.9
" tEEIA. AFTASSY. 2006.4 807.9 143.5 143.0 32.8

GIE - EXP4,1

FNil RUN 12

I1lN WE F1IWTnE ST(EV NLIuir Wu1IN AVEWIp nIcwT]E ST (EV Nw amIE N IN AVE WIP
1ST.S'IG.0t4PR.DIFF 1127.55 687.1 E9 70 8.5 1011.41 552.1 73 71 7.9
IST.StG.INLETASSY. 1644.91 907.33 B 70 12.5 1527.8 759 76 71 12.2
2ND.SMG.CaR.DIFF 1668.52 1368.61 71 70 12.6 1596.7 1048.52 76 71 13
2ND.SIG.DIEF.ASSY 3197.88 1192.59 139 130 47.8 3221.49 1054.03 136 131 48.9
2ND.STG.DIW'.HSG. 2041.59 1422.07 70 70 16 2111.51 1334.63 (5 71 17.2
2NDSTG.CCWR.ILSG. 2037.82 1014.1 76 70 15.7 2447.97 1366.69 75 71 20.1
A=SCRY CASE 457.9 210.69 133 130 6.8 448.84 223.41 132 131 6.7

-BPBEdSP 180 1237.21 430.81 70 70 9.5 1299.18 444.93 74 71 10.5
RACKSIKP 397 783.39 734.47 127 130 11.4 727.53 687.12 127 131 11.3
BEARING RSG. 2972.83 1827.33 76 70 22.9 2989.33 2024.79 76 71 23.5
CCM. CA43E LNG. 762.23 188.12 B 70 5.8 714.26 184.58 70 71 5.7
C2?PESSR INLET 1610.63 1048.26 128 130 24.5 1669.86 1150.86 136 131 25.1

GIE -180 2278.65 291.06 75 72 17.9 2354.78 247.41 73 72 19.2
GIE -397 2457.21 226.13 137 132 36.7 2473.71 181.11 136 -132 37.3
MAIPSI 180 CNLY 741.56 176.5 67 70 5.6 738.27 153.14 71 71 5.9
HATPSI 397 CNLY 750.39 140.54 129 130 11.2 733.15 153.42 131 131 11
TORUS MINE 1025.95 339.45 E8 70 7.9 1027.98 348.2 72 71 8.3

IURBINE ERG. HSG. 2622.98 2187.47 131 130 39.8 2519.33 1971.2 137 131 40.4
ITRBINE NOZZLE 180 1728.54 1496.29 72 70 13.4 2043.98 1573.17 76 71 16.1
MtINE NOZZLE 397 1888.99 1759.11 132 130 27.5 1864.89 1545.37 126 131 29.5
IEEL&SKAFTASSY. 1893.15 716.47 (D 70 14.6 1953.35 919.13 62 71 16.4

TWO RUN AVERAGE
1TEM NWE F10 -TRIE ST CEV NU4 CUT N[H IN AVE WIP
1ST.SIG.OOWR.DIFF 1069.5 619.6 71.0 70.5 8.2
1ST.STIG.INIETASSY. 1586.4 833.2 72.0 70.5 12.4
2ND.STG.OOWR.DIFF 1632.6 1208.6 73.5 70.5 12.8
2ND.STG.DIEF.ASSY 3209.7 1123.3 137.5 130.5 48.4
2W.SIG.DIFF.HSG. 2076.6 1378.4 67.5 70.5 16.6
2NDSTG.caPR;HSG. 2242.9 1190.4 75.5 70.5 17.9
AOCESSCRY CASE 453.4 217.1 132.5 130.5 6.8
BACKSWIXP 180 1268.2 437.9 72.0 70.5 10.0
BACKSIKP 397 755.5 710.8 127.0 130.5 11.4
BEARING HSG. 2981.1 1926.1 76.0 70.5 23.2
(aQ. CHABM INS. 738.2 186.4 69.0 70.5 5.8
a INLET !640.2 1099.6 132.0 130.5 24.8

MTPSI 180 CULY 739.9 164.8 69.0 70.5 5.8
M, PSI 397 CNLY 741.8 147.0 130.0 130.5 11.1
ICRUS TUPSDE 1027.0 343.8 70.0 70.5 8.1
TURBINE BRG. HSG. 2571.2 2079.3 134.0 130.5 40.1
TURBINE NOZZLE 180 1886.3 1534.7 74.0 70.5 14.8

MURBINE NOZZLE 397 1876.9 1652.2 129.0 130.5 28.5
S4E.JSIMAPThSSY. 1923.3 817.8 66.5 70.5 15.5

GIE - EXl5,1 3



GTE EXP I SPR
1Ui Rt 12

. ImWME FIcW Tim STDEV Nflmar NI AVEW P FUDWTD.E ST V h m cur umIN AVE WIP
IST.STG.a31FR.DIpF 892.65 470.76 103 107 11.2 885.76 415.22 105 109 11
IST.STG.INILETASSY. 1597.66 1033.52 109 107 19.9 1642.67: 1052.61 108 109 20.9
2ND.STG.CaTR.D1EF 1848.83 1162.96 109 107 23.4 1674.32 1192.62 108 109 21.7
2ND.STG.DIFF.ASSY 3247.75 1136.29 198 200 75 3231.48- 1151.58 207 200 76.5
2DO.S'G.DIPF.HSG. 2091.64 1304.19 110 107 25.7 2039.76- 1367.42 113 109 25.2
mDSIG.CCWR.ISG. 2264.03 1104.94 104 107 28.6 2431.69 1170.7 108 109 29.9
AMSSCRY CASE 416.07 :207.57 204 200 9.5 -43.47 203.49 198 200 10.2
WCKSICP 180 1285.05 424.88 111 107 15.7 . 3.53 449.82 106 109 15.7
BACKSHOP 397 670.02 668.76 205 200 -15.4 715.51 763.8 202 200 16.1
BEARIN HSG. 2870.81 1800.56 107 107 36 2679.08- 1563.66 105 109 33
CCM9. CAMS LMG. 709.55 179.86 106 107 8.7 723.05- 163.94 109 -109 9CMPESSCR INIEr 1548.78 1061.5 201 200 35.7 1677.17 1232.28 195 200 37.5
GIE -180 3082.7 188.05 106 108 38.2 2875.63 189.76 107 108 35.4GIE -397 3469.5 178.19 195 200 79.2 3491.41 133.79 206 200 80.6
MTPSI 180 CNLY 1188.39 228.86 106 107 14.6 1312.86 225.7 102 109 16.1
MTPSI 397RMY 1171.31 202.22 191 200 26.9 1301.43 209.41 195 200 29.7
ICRUS IMI3E 1053.57 431.99 107 107 12.8 1079.86 466.33 102 109 13.4
UPINE Br. HSG. 2369.37 1909.23 206 200 55.5 2647.89- 2069.61 194 200 63.9

SIRBflE NZZLE 180 -1672.44 1272.55 104 107 22.7 1915.55 1354.1 104 109 24.1
TMRBIE NOZZLE 397 1836.99 1711.8 200 200 43 2018.4- 1894.72 201 200 46

RI=L&SIrAsnESsy. 2035.19 914.13 103 107 25 1957.02 -857.04 105 109 24.2

TWO RUN AVERAGE
IM NME FIM TM ST [EV ,4CUr K I41N AVE WIP
1ST.S1G.CRR.DFF 889.2 443.0 104.0 108.0 11.1
IST.S'.INTrASSY. 1820.2 1043.1 108.5 108.0- 20.4
2ND.SG.COMPR.DIWF 1761.6 1177.8 108-5 -108.0 22.6
2ND.STG.DIFF.ASSY -3239.6 1143.9 202.5 200.0 75.8
2ND.S1G.DIFF.HSG. 2065.7 1335.8 111.5 108.0 25.5
2NSMG.CaPR.HSG. 2347.9 1137.8 106.0 108.0 29.3
* N1SSCRY CASE 429.8 205.5 201.0 200.0 9.9
awsi~p 180 1279.3 437.4 108.5 108.0 15.7

8KShCP 397 692.8 716.3 203.5 200.0 15.8
BENUM MG. 2774.9 1682.1 106.0 108.0 34.5
CzZB. aijHB DLw. 716.3 171.9 107.5 108.0 8.9
0344MSSCR INLET 1613.0 1146.9 198.0 200.0- 36.6

WIPSI 180 (CLY 1250.6 227.3 104.0 108.0 15.4
MTPSI 397 CLY 1236.4 205.8 193.0 200.0 28.3
ICRs UP fE 1066.7 449.2 104.5 108.0 13.1
TRUINE BRS. HSG. 25086 1989.4 200.0 200.0 59.7
TMU INE NOZZLE 180 1794.0 1313.3 104.0 108.0 23.4
7MIE N=LZZE 397 1927.7 1803.3 200-5 200.0 44.5
WEELASHAMSSY. 1996.1 885.6 104.0 108.0 24.6

GE - EXP16,1

ITM NWE FCW TIhE ST DEV UHic r NHIN AVEWIP FLCWTME ST CCV NW. 1/r NAM1N AVEWIP
1ST.STG.catR.DI9F 982.6 593.8 137 142 15.4 976.09 507.4 143 144 15.6
1ST.S'IG.INIETASSY. 1"589.26 868.7 135 142 25 1444.2 806.2 146 144. 23.6
2ND.STG.CCMR.DIFF 1637.52 1160 137 142 27.2 1951.01 1319 154 144 31.42ND.SMT.DIFF.ASSY 3309.06 1193 266 267 101.7 3435.13 1249 268 266 104
2ND.STG.DIEF.HSG. 2087.1 1312 144 142 32.7 2050.24 -1242 138 144 34.9
2NDSMt.CQfR.HSG. 2373.75 1305 146 142 37.3 2333.42 1132 147 144 39.5
AOCESSCRY CASE 435.48 214.2 272 267 13.6 431.49 197 265 266 13.1

,BICSI8P 180 1334.29 461.9 137 142 21 1337.32 453.6 147 144 22.2
BWc1Sf3P 397 746.69 719 274 267 23.5 746.81 717.9 268 266 22.4O HEING I1SG. 2741 1608 138 142 44 2790.3t 1853 146 144 44.8
CRIB. aGuvR I. 724.7 190.5 134 142 11.4 719.21 154.5 143 144 11.7
0214USSCR IN[ET 1704.35 1122 256 267 53.5 1640.83 1130 263 266 47.8
GE -180 4223.23 703.5 103 144 70 3999.54 680.3 108 144 67.5
GIE -397 4315.52 665.2 199 -264 133 4104.12 588.7 206 264 125.24-



1k'PSI 180 M~LY 4130.36 696.3 106 142 G .XP15988.65 702.5 107 144 65.1
WThSI 397 CNLY 4169.81 724.2 190 267 126.8 3895.64 694.3, 196 266 117.8-
iaw *tiSE 988.57 352.5 143- 142 15.7 988.24 368.9 148 144 16
1UMBINER G. HSG. 2561.55 2011 275 267 80.4 2296.45 2040 267 266 73.1
T1PBIf NrZZLE 180 1811.63 1277 139 142 28.9 1674.22 1157 148- 144 27.6
MMINE NOZZE 397 1721.78 1762 261 267 54.7 1852.72 1741 254 266 54.1
M SEIAMASSY. 1911.77 859.1 146 142 31.2 1895.14 831 154 144 31;2

TWO RUN AVERAGE
s4m FII TDE T N H air WI IN AVE wip

1T.SG.0aWR.DI'F 979.3 550.6 140.0 143.0 15.5
IST.SG.INIEfASSY. 1516.7 837.4 140.5 143.0 24.3
2ND.STG.OCKtR.DI'F 1794.3 1239.6 145.5 143.0 29.3
2ND.STG.DIFF.ASSY 3372.1 1221.2 267.0 266.5 102.9
2tD.STG.DIFW.HSG. 2068.7 1276.8 141.0 143.0 33.8
2N=S7.CUTR.RSG. 2353.6 1218.7 146.5 143.0 38.4
AFSGRY CASE 433.5 205.6 268.5 266.5 13.4
BACKSKP 180 1335.8 457.7 142.0 143.0 21.6
BACKSI#P 397 746.8 718.4 271.0 266.5 23.0
BRtE NS HSG. 2765.7 1730.6 142.0 143.0 44.4
OCM. CH4ER IM. 722.0 172.5 138.5 143.0 11.6
Ca433SSR INlET 1672.6 1125.7 259.5 266.5 50.7

1W1PSI 180 CNLY 3994.5 699.4 106.5 143.0 66.4
M.PSI 397 CNLY 4032.7 709.3 193.0 266.5 122.3
1TRUS T2BE 988.4 360.7 145.5 143.0 15.9
TBLF M sERG. HSG. 2429.0 2025.7 271.0 266.5 76.8
TRBf"E N=?2JI 180 1742.9 1217.0 143.5 143.0 28.3
TfRBINE NOZZE 397 1787.3 1751.8 257.5 266.5 54.4
WEaELSHAETASSY. 1903.5 845.1 150.0 143.0 31.2

GIE - EXP17,1

Ri !1 r#-'q 12

I 11WE F1CWTME ST EV NU4 CU t H IN AVEWjp FLCWTIH STEiJ NH cur NM-IN AVE WIP
1ST.SIG.OR.DIFF 998.55 507.67 S 70 7.5 871.44- 461.04 74 71 6.8
1ST.SIG.INIEMASSY. 1678.77 1109.55 73 70 12.8 1635.05- 907.56 6B 71 12.9
2ND.S1TG.QCR.DIFF 1717,38 1060.19 71 0 14 1974.12 1456.09 71 71 16.1
2ND.SMG.DIFF.ASSY 3133.68 1053.89 135 130 46.4 3221.4 1078.94 135 131- 49.3
2ND.SIG.DIFF.1SG. 2409.39 1477.71 73 70 18.6 1887.32 1428.39 73 71 i5
2NDSTG.OCM.|.SG. 2305.27 1053.6 73 70 17.8 2573.18 1214.96 70 71 20.9
?GZESSCRY CASE 444.48 218.6 130 130 6.7 465.94 211.91 129 131 7
BACKSHP 180 1299.89 452.89 (6 70 10 1263.44 454.59 (B 71 10.3
BNCMSRP 397 625.49 609.61 124 130 9.9 749.35 736.09 134 131 11
tEARIN3 HSG. 3024.45 1741.74 71 70 25.7 2347.3 1532.32 0B 71 19.8
CCH8. R*M I/m. 676.2 158.25 66 70 5.1 698.17 179.49 06 71 5.6
OaPESSCR IET 1817.24 1112.35 130 130 26.3 1497.93 1024.77 133 131 22.5
GIE -180- 3144.2 262.78 73 72 25.2 2586.02 293.82 69 72 21
GTE -397 2944.76 184.57 137 132 44.3 3096.79 178.78 135 132 47.1
wGPSI 180 CNLY 7/9.43 172.72 65 70 5.9 732.36 161 71 71 5.9
MW SI 397 CNIY 744.54 156.62 130 130 11.1 766.48 151.29 130 131 11.4
ImRUS TU IIIE 1050.49 422.61 6 70 8 993.83 339 72 71 8
'1USINE BRm. =1G. 2359.08 1729.56 133 130 34.5 2338.74 1748.77 133 131 34.5
'1RBINE NUZZLE 180 1810.06 1409.24 77 70 14 1661.93 1200.75 C6 71 13.9
II1EINE NOZZIE 397 2134.26 2284.53 134 130 31.8 1922.83 1891.77- 131 131 28.4
REEUS11PETASSY. 1995.64 763.41 72 70 15.6 1993.79 757.27 73 71 15.9

TWO RUN AVERAGE
1I7[EN WE FICW TUE ST [V HI CUT w1 IN AVE WIP
1ST.S1STG.= .DIFF 935.0 484.4 71.5 70.5 7.2
1ST.STG.INIEI'ASSY. 1656.9 1008.6 70.5 70.5 12.9
2ND.STG.CCPR.DIFF 1845.8 1258.1- 71.0 70.5 15.1
2?D.SMG.DIEF.ASSY 3177.5 1066.4 135.0 130.5 47.9
2ND.SIG.DIF.IISG. 2148.4 1453.1 73.0 70.5 16.8
2N3S'G.CalfR.1SG. 2439.2 1134.3 71.5 70.5 19.4
AXESSCRY CASE 455.2 215.3 129.5 130.5 6.9
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B P OSP 180 1281.7 453.7 68.0 70.5 GM XP I SPR
ElCSIlP 397 687.4 672.9 129.0 130.5 10.5

a _Asnas115.G. 2685.9 1637.0 70.0 70.5 22.8-
029. CH*92R LM. 687.2 168.9 67.5 70.5 5.4
aie1wssc INLET 1657.6 1068.6 131.5 -130.5 24.4

MtWipsI 180 (N1Y 755.9 166.9 68.0 70.5 5.9
1F I397 cWLY 755.5 154.0 130.0 130.5 11.3

TORUS TURBINE 1022.2 380.8 68.5 70.5 8.0
'TURINEE. 115G. 2348.9 1739.2 131.5 130.5 34.5
TUBINE IVZLE:180 1736.0 1305.0 72.5 70.5 14.0

INE-NOZZIE 397 2028.5 2088.2 132.5 130.5 30.1
-WEELSHAMMIS. 1994.7 760.3 72.5 70.5 15.8

GFE - E)28,1

FUNI1 RUN 12

ITEM NAJ FICW* T ST IV RN cur RN IN AVE WI FImW Tne ST iV -m Our -i IN- AVE WIp
Lsr.S G.OM)R.DIlF 940.97 455.71 109 107 11.3- 1068.93 562.04 107 109 13.3
IST.SG.INLETASSY. 1623.23 889.54 112 107 20.2 1533.47 816.76 105 109 19.2
2ND.S'I.aeR.DIC F 1679.53 1193.7 111 107 21.4 1747.45 1112.68 106 109 21.9
2ND.SG.DIF.ASSY 3287.53 1273.91 206 200 75.6 3256.15 1159.24 211 200- 75.8
2ND.STG.DIFF.SG, 2225.12 1384.43 103 107 21- 2180.63 1385.72 105 109 27.1
21DSI. MSR.1SG. 2353.1 1102.36 110 107 29 2545.38 1366.06 106 109 30.7
AOCESSCRY CASE 429.87 191.82 200 200 9.8 451.87 203.6 200 200- 10.3
Ell 180 1337.34 455.56 105 107 16.3 1324.95 423.62 109 109 16.3
-81KSHZP 397 733.48 690.7 208 200 16.5 722.85 693.51 206 200 16-3
ARI1G. 2811.18 1871.37 110 107 34.7 2571.08 1428.29 102 109 32.6. M2E. CHAb3i LUr. 722.1 170.27 107 107 8.8 729"21 189.99- 109 109 9

c2i4fESSCR INLET 1665.28 1172.69 199 200 37.5 1747.95 -1163.2 199 200 4D
GIE -180 2584.9 324.04 102 108 32.3 2802.19 402.97 91 108 35.2
GIE -397 2972.89 174.9 195 200 (8 3045.1 280.58 187 200- 70.6
M TtSI 180 CNLY 2303.02 427.48 91 107 28.9 2746.46 485.9 88 109 33.7
MfTPS1 397 CNLY 2354.48 463.23 169 200 54.2 2741.74 518.12 169 200 63.1
TICRUS UIINE 1031.36 337.43 105 101 12.7 1020.34 400.69 109 109 i2;6
TPINE EM3. H1G. 2344.23 1968.48 195 200 54.8 2620.02 2121.54 212 200 56.4-
TURBINE, NOZZLE 180 1763.4 1264.83 113 107 21.4 1674.93 1288.96 110 109 2)
TURBINE NOZZLE 397 2033.68 1931.8 206 200 46.1 1901.63 1767.82 197 200 43.6
VEEEL&SHWFTASSY. 2087.37 893.51 107 107 25.2 2009.82 915.47 109 109 24.6

TWO RU AVERAGE
ITM NAE FIW TIM ST DEV Nm a Nt IN AVEWIP
1.ST.SG.apR.DIHF 1005.0 478.9 108.0 108.0 12.3
MST.S1.INLErASSY. 1578.4 853.2 108.5 108.0 19.7

2ND.STG.CCPR.DIW' 1713.5 1153.2 108.5 108.0 21.7
2ND.STG.DIFF.ASSY 3271.8 1216.6 208.5 200.0- 75.7
2ND.ST1G.DIF7.HSG. 2202.9 1385.1 -104.0 108.0 27.6
2N'iO .02fR.HSG. .2449.2 1234.2 108.0 108.0 29.9
AOMSSCRY CASE 440.9 197.7 200.0 200.0 10.1
BP KSif 180 1331.1 439.6 107.0 108.0 16.3-
BPaSHTP 397 728.2 692.1 207.0 200.0 16.4
- EARIta3 NJG. 2691.1 1649.8 106.0 108.0 33.7

.8. CWN3i L;. 725.7 180.1 108.0 108.0 8.9
a3l4E4sscR INtET 1706.6 1167.9 199.0 200.0 38.8

MTPI 180 CULY 2524.7 456.7 89.5 108.0 31.3
RIPSI 397 CNLY 2548.1 490.7 169.0 200.0 58.7

TORUS 'URBINE 1025.9 369.1 107.0 108.0 12.7
TURBINE E2. !SG. 2482.1 2045.0 203.5 200.0 55.6. I NU3IIE NOZZLE 180 1719.2 1276.9 111.5 108.0 20.7
IUBINE NOZZL 397 1967.7 1849.8 201.5 200.0 44.9
WELUSHAflASSY. 2048.6 904.5 108.0 -108.0 24.9
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G EEXP I SPR

GIE - E*I9,1

full RMN 12

rIEM NAME FIcTim ST Ev NUmcur NCMIN AVEWIP FLCWTIE STEV NMCu -NIN AVEWIP
1ST.S'IG.Ca'PR.DIFF 1010.96 508.05 131 142 16.2 959.76 525.85 144 144 15.8
1ST.SIG.RIETASSY. 1660.96 1001.81 143 142 25.4 1559.28 847.57 148 144 26.3
2ND.SG.O~tM.DIFF 1793.6 1295.07 136 142 28.7 1857.67 1420.56 147 144 31
2ND.SIG.DIEF.ASSY 3198.22 1122.29 250 267 98.5 3172.74 1132.36 264 266 96.2
2ND.SIG.DIFF.SG. 2401.87 1663.87 142 142 36.4 2136.67 1477.8 146 144 36.6
2NDSTG.OCaPR.HSG. 2317.33 1011.17 142 142 37.4 2332.31 1259.59 10 144 38.3
ACCESSCRY CASE 445.9 223.58 271 267 13.8 435.52 198.5 267 266 13.3
BACKS"CP 180 1260.96 442.76 139 142 19.7 1320.2 461.32 145 144 21.7
BPACHP 397 688.72 665.08 269 267 21.5 709.22 699.89 260 266 21.3
BEARIN HSG. 2575.51 1515.45 140 142 41.9 2914.96 1748.69 135 144 48.3
0CM. OMR LN. 713.56 183.53 137 142 11.2 743.72 185.37 145 144 12
024R4SCR INLET 1544.74 1101.84 283 267 46 1643.89 1098.98 267 266 48.8
GIE -180 5325.26 914.02 97 144 88.4 5253.3 898.49 98 144 87.6
GIE -397 5353.5 901.68 169 264 163.1 5217.18 893.26 176 264 158.1
WmTPSI 180 CNLY 5204.7 913.5 97 142 85.6 5093.44 908.48 99 144 84.6
MATPSI 397 CNLY 5197.12 895.17 169 267 157.9- 5029.76 905.69 175 266 153
TCRUS 1U BINE 1042.76 398.89 13 142 16.2 1010.1 340.83 146 144 16.4
1URSE BRG. HSG. 2336.19 1833.89 259 267 72.7 2585.24 2043.56 280 266 74.4
'IIBIE NOZZLE 180 1814.48 1289.02 136 142 28.5 1931.32 1367.46 140 144 31.8

MtFBIN NOZZLE 397 1755.26 1646.44 260 267 57 2046.2 1904.45 269 266 60.2
ME&SHAnFASSY. 1982.7 850.94 140 142 32.1 2019.99 886.46 145 144 33.8

TWO RUN AVERAGE
11 1 ,E Fcw-TIM sT v 4 , r M,.M IN AVE WHP
1sr.STG.-OOPR.DIFF 985.4 517.0 137.5 143.0 16.0
1ST.STG.INEErASSY. 1610.1 924.7 145.5 143.0 25-9
2ND.SK.CtPR.DIFF 1825.6 1357.8 141.5 143.0 29.4
2ND.SI.DIFF.ASSY 3185.5 1127.3 257.0 266.5 974-
2ND.STG.DIFF.SG. 2269.3 1570.8 144.0 143.0 36.5
2NSG.CI' R.1G. 2324.8 1135.4 146.0 143.0 37.9
AC£SSMY CASE 440.7 211.0 269.0 266.5 13.6
BCK(SHT 180 1290.6 452.0 142.0 143.0 20.7
BACBKSI 397 699.0 682.5 264.5 266.5 21.4
W WARI. HSG. 2745.2 1632.1 137.5 143.0 45.1
0iB. CHIM 1r . 728.6 184.5 141.0 143.0 11.6
0241TSSCR INlEr 1594.3 1100.4 275.0 266.5 47.4

WGVSI 180 CNLY 5149.1 911.0 98.0 143.0 85.1
MWSI 397 CNLY 5113.4 900.4 172.0 266.5 155.5
TCRUS 81UIE 1026.4 369.9 142.0 143.0 16.3

M1INE ERG. [G. 2460.7 1938.7 269.5 266.5 73.6
IIFItE 3Z.ZLE 180 1872.9 1328.2 138.0 143.0 30.2
'MBIhE NOZZE397 1900.7 1775.4 264.5 266.5 58.6

LEMSI E SSY. 2001.3 868.7 142.5 143.0 33.0
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GTE - E1*,2 GTE EXP 2 SPR
O F-J I RU 12

I1! WE FCW TDIE STI EV JI4HW N41IN AVEW FhCWTIE STt NMI Cwr KJ IN AVEWIP
1ST.STG.C .DFF 1001.33 483 72- 72 8.3 950.89 559 72 72 8
1ST.SIG.INILT, SSY. 1447.91 -890.7 75 72- 11.8- 1616.04 1040 72 12 13.2-
2ND.STG.=M._DIFF 1662.31 1268 76 72 13.0 1952.37 1290 68 72 16.3
2ND.STG.DIEF.ASSY 3232.62 1268- 136 132 48 3429.81 1190 133 132 51.5
2ND.SMG.DIFF.HSG. 1931.68 1395 69 72 16 1979.07 1246 67 72 16.1
2NDST.CM:.HSG. 2168.37 1042 74 72 18 2372.29 1207 70 72 1n5
hCCESSCRY CASE 422.36 183.8 134- 132 6.3 438.45 220.4 132 132 6
BA.CPSCP 180 1309.54 -451.9 70 72 10.8 1325.64 -434.5 72 72 1
EACKSHP 397 662.04 -596.2 136 132 9.7 866.36 844.9 134 132 "2.3

I SG. 2750.25 1807- 73 72 22:4 2834.88 2160 73 72
OCIB. -A E M. 731.38 183.8 72 72 6 698.51 -171.3 71 7p .,

OMEIESaR INIET 1773.21 1280- 140 132 26.4 -1758.79 1-115 141 112- z..6
GlE -180 3032.17 =261.3 72 72 25 3069.82 292.5 72 72 ; 4
GIE -397 3481.11 2G6.3- 136 132 52.5 3712.25 282 131 132 56.1
W'PI 180 CNLY 758.07 147.6 73 72 6.3 768.44 140.8 72 72 6.S
MNTPSI 397 CtnY 774.24 149.7 134 132 11.7 773.57 168.1 135 132 I."
Ictus iUmn 1070.54 483:5 71- 72 8.9 1038.07 335.8 72 72 k&,
IUMBINE RG. HSG. 2618.34 2024- 132 132 41 2370.46 2138 130 132 ,
UnE N ,L[E 180 1892.48 1471 75 72 -16 -2069.77 1372- 76 72 16.1
ERBINEN NLE 397 '1680.52 1411 120 132 26.5 1961.4 1898 129 132 29.2
HEMSHAFTASSY. 2015.46 :897.4 71 72 1 7 1963.83 796.5 70 72 16.5

TWO RUN AVERAGE
rfq WE FLCW TIME ST' v imct7 Nm n, AvE w, P
1ST.SIo . R.DIFF 976.1 521.0 72.0 -72.0 8.2
1ST.S G .INIrASSY. 1532.0 965.4 73.5 72.0 12.5
2ND.SG.Ca\R:DI 1807.3 1278.7 72.0 72.0 15.1
2ND.SIG.DIFF.ASSY 3331.2 1238.9 134.5 132.0 49.8
2ND.Si. DIFF. 1SG. 1955.4 1370.6 68.0 72.0 16.1
2NSiG.C.IHSG. 2270.S I1 24.6 72.0 72-0 18.8
AOOMSCRY CASE 43-i.1, 202.1 133.0 132.0 6.5
BACSHCP 180 1;15 443.2 71.0 72.0 10.9
BAC tMS 397 7,4.2 720.6 135.0 132.0 11.3
BFRNNI ISG. 2792.6 1984.0 73.0 72.0 22.6
Ccm. cNIBER 11. 714.9 177.5 71.5 72.0 5.9

S INIET 1766.0 1197.4 140.5 132.0 26.1

MWIPSI 180 CNLY -763.3 144.2 72.5 72.0 6.3
MNIPSI 397 CNLY 773.9 158.9 134.5 132.0 11.7
1CPW UINE 1054.3 409.7, 71.5 72.0 8.8
TiRINE WG. HSG. 2494.4 -2081.1 131.0 132.0 39.4
'fJpBItE 1=ZZ[E 180 1981.1 1421.8 75.5- 72.0 16.3

MPfIE 1DZZLE 397 1821.0 1654.8 124.5 132.0 27.9
iEEIASHAE7MY. 1989.6 847.0 70.5 72.0 16.8

GIE - WPI2,2

RlVI RU4 12

ITENM E FLW TI1E STEV W'0U1r lIIN AVEWIP FIUMTRhE STEW IL-"VU (NW tM IN AVE WIP
IST.STi.OX.DIEF 95-.55 441.3 112 108 11.8 1001.86 532.2 113 108 12.2
IST.STG.INIEIASSY. 1525.07 838 109 108 19 1559.02 888.7 110 108 18.8
2ND.SIG.CCtPR.DIF 1674.27 1249 104 108 21.5 1742.76 1195 105 108 21.5
2ID1.Si13.DIFF.ASSY 3180.62 1209 200 198 71.9 3227.76 1210 192 198 73.6
2W.S'.D'F.HSG. 1726.15 1153- 102 108 22.9 1986.99 1317 108 108 24.3
2tqSM.C R.SG. 2300.68 1245 109 108 29.3 2353.38 1334 100 108 :8.3
rCcESSIRY CASE 472.13 234.8 196 198 10.7 439.25 224- 198 198 10
Ict"CP 180 1225.61 440.2 109 108 15.1 • 1323.05 419.6 107 108 16.4

AC2KSDP 397 773.92 758.8 197 198 17.2 762.27 757.4 198 198 17
• RI3 ILG. 2768.19 1516 104 108 34 2774.92 1544 112 108 34.3
0-. GUVEM 111. 719.61 175.5 108 168 8.9 722.73 208.3 109- 108 9
CaRES INlET 1541.1 984 207 198 34.9 -1484.54 1064 203 198 33.2
GIE -180 2890.58 279 104 108 35.8 2925.92 3332 110 108 36.2



GIE -397 3262.21 281.1 200 198 G "jff.XP2§7,87 266.6 195 198 75.1
MmTSI 180 ,NLY 899.17 217.7 108 108 11.1 894:84 193.3- 108 108 11.1
-ATSI 397 CN.Y 950.74 222.7 194 198 21.4 875.44 200.6 195 198 19.8
7mus 'MINE 1030.76 427.1 108 108 12.7 1002,94 353.3 109 108 12.4
,I'NE B1E. PM5. 2291.54 1920 196 198 53.3- 2677.5 2231 194 198 59.5

TINJRNTE IZZIE 180 1592.87 1184 104 108 20.6 1891.b 1426 104 108 23.7
UMBINE NOZZLE 397 2040.02 2140 203 '98 44.4 1912.02 1802 198 198 45.9

WEE ASHFI"ASSY. 2084.24 979.6 108 108 25.5 1996.81 864:3 110 108 24.9

TWO RUN AVERAGE
=NPME FLOW T'iE STDr-V NM Cr NM4 IN WE WP

IST.SIG.CCW.DRFF 976.7 486.7 112.5 108.0 12.0
1ST.sIG.NIERASSY. 1542.0 863.Z 109.5 108.0 18.9
2ND.SL'G.C-M.DIFF 1708.5 1222.0 104.5 108.0 21.5
2ND.S7G.DIl.ASSY 3204.2 1209.3 196.0 198.0 72.8
2ND.SIG.DI=F.HSG. 1856.6 1235.0 105.0 108.0 23.6
2NDSG.CCR.-SG. 2327.0 1289.4 104.5 108.0 28.8
AOCSSMY CASE 455.7 229.4 197.0 198.0 10.4
BAMT, -180 1274.3 429.9 108.0 108.0 15.8
B QS}-P 397 768.1 758.1 17.5 198.0 17.1
-BAW.; HSG. 2771.6 1529.9 108.0 108.0 34.2
843. GwPT -M. 721.2 &P1.9- 108.5 108.0 9.0
(Xutkmea INLET 1512.8 1024.2 205.0 198.0 34.1

MkOPSI 180 (,LY 897.0 205.5 108.0 108.0 11.1
, TSI 397 amY 913.1 211.6 194.5 198.0 20.6
iCRS ,IJNE 1016.9 390.2 108.5 106.0 12.6
- INE EP.. HSG. 2484.5 2075.5 195.0 198.0 56.4

TIE.IM N EZZL- 180 1742.2 1305.0 104.0 108.0 22.2
IUI"NE NOZZLE 397 1976.0 1970.8 200.5 198.0 45.2
W-ELASHAWASSY. 2040.5 922.0 109.0 108.0 25.2

GIE - EXP13,2

rJil RIN 12

ITEM NAI- FLOWTIRE STDEV NUHIWr NUHIN AVEWIP FLOWTIFE ST EV WN R h HIN AME WIP
IST.S"G.M'PR.DIFF 971.54 543.6 138 144 16.3 '995.39 501.4 1' 144 16.2
lST.SIgG.INErAS3Y. 1593.04 922.7 142 144 26 -1472.11 855.1 141 144 24.6
2ND.STG.O2VR.DIF 1612.42 1178 141 144 25.8 1706.23 1237 147 f44 27.5
2ND.SIG.D;,hASSY 3240.01 1260 260 264 - 97.3 3205.01 1114 261 264 98
2ND.SIG.D1iF.HSG. 1998.8 1374 136 144 34.3 1706.02 1169 143 144 29.3
2NDSI[G.(2R.HSG. 2301.74 1166 145 144 38.2 2350.36 1208 133 144 31.8
ACCESSCRY CASE 473.13 238.1 265 264 14;2 466.1-4 220.4 267 -264 14.i
BACKSHOP 180 1318.36 457.3 146 144 21.7 1305.98 445.4 141 144 21.3
BAU(St 397 738.9 693.1 262 264 22.3 678.59 693.1 268 264 20.6
BEARIG HSG. 2705.41 1664 140 144 45.3 2597.97 1589 141 144 43.7
OCC. GL*M I.M. 690.49 168.3 144 144 11.4 705.17 170.4 144 144 11.6

,IESSCR INlET 1661.88 1227 268 264 52 1722.63 1207 270 264 50.7
GIE -180 3640.05 575.5 117 144 59.3 3497.09 645.5 118 144 56.8
GIE -397 3562.42 496.2 216 264 108.8 3482.78 463.2 223 264 106.4
MTPSI 180 CNLY 3469.4 528.6 118 144 56.5 3296,46 507.4 118 144 54
,TPSI 397 "/LY 3380.61 498.4 212 264 102.7 3263.71 519.1 21 I 264 99.1
'CRUS TuRJE 1018.35 407 145 144 16.6 1070.4 365.5 141 144 17.6
• EM BI;. IISG. 2322.04 1971 261 264 71.2 2475.68 2102 257 264 76
RINE NtOZZLE 180 1886.95 1443 143 144 31.6 1-634.48 1249 137 144 27.6

UMINE NOZZLE 397 1783,.3 1756 260 264 54.6 1906.15 1859 262 264 55.8
W.EEL&SIEAETASSY. 1947.16 716 147 144 32.3 1892.74 771.8 142 144 31.6

TWO RUN AVERAGE
1T24 ,,E FICW TDlE ST [V MH . air IM IN A% WIP
1ST.S"G,COfMR.DIFF 0.275 "..5 140.0 -144.0 16.3
IST.SMG. TNzIASSY. 1532.6 368.9 a42.0 144.0 25.3
2t.S1G.M'R.DIFF 1659.3 1207.6 144.0 144.0 26.7
2ND.SIG.OIFe.ASSY 3222.5 1187.1 260.5 264.0 97.7
2ND.STG.DfF..SG. 1892.4 1271.3 139.5 144.0 31.8
2mSIT.CCfR.ILSG. 2326.1 1187.0 139.0 144.0 38.5 2
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AMSSNMY CASE 469.6 229.2 266.0 264.0 GTF. UXP2SPR
BPCISRP 180 1312 2 451.4 143.5 144.0 21.5. BA(SMIP 397 708.7 693.1 265.0 264.0 21.5
BARX HSG. 2651.7 1626.4 140.5 144.0 44.5
am. -CHNW uN.. 697.8 169.3 144.0 144.0 11.5

PRESSCR INIE 1692.3 1216.6 269.0 264.0-- 51.4

NM1PSI 180 QNLY 3382.9 518.0 118.0 144.0 55.3
Wi)PSI 397 -NLY 3322.2 508.7 211.5 264.0 100.9

CRUS T1U INE 1044.4 386.3 -143.0 144.0 17.1
IlPBINE MG. HSG. 2398.9 2036.3 259.0 264.0 73.6
TIMBINE NOZZLE 180 1760.7 1345.9 140.0 144.0 29.6

M.BINE NOZZLE 397 1845.0 -1807.7 261,0 264.0 55.2
WEEJSHrASSY. 1920.0 743.9 144.5 144.0 32.0

GIE - EXP14,2

I . ! 1RUN 12

flE.1,W.E EIC TIMh ST DEV Wt,4 CLE W4 IN AE WEIP FLOW TIM, ST CEV U4 Cr NU4 IN AvE WP
1ST.SlG.aOW,1.DIFF 977.55 676.4 71 72 8.1 936.93 420.3 74 72 8
1ST.SM.INLErASSY. 1355.19 823.8 68 72 - 11.2 "" 1477:24 887.5- - 72 72 12
2N).S'I.MPR.DIFF 1842.6 1464 77 72 16.5- 1925.35 1286 72 72 15.1
2ND.SG.DIFF.ASSY 3292.64 1084 129 132 49.8 3218.33 1204 138 132 48.1
2ND.SIG.DIEF.SG. 1955.51 1265 74 72 15 2024.02 1354 76 72 16
2NDSTG.Can.-SG. 2389.55 1067 67 72 19.7 1972.44 1175 75 -72 15.9
AOCESSCRY CASE 428.91 197.4 132 132 6.5 442.72 197.4 130 132 6.7
BACKS[JP 180 1348.77 456.5 69 72 11.2 1175.84 464.4 73 72 9.7
BACSIOP 397 647.18 660.3 135 132 9.3- 668.72 592.4 135 132 10
BEARIN SG. 2544.83 1499 79 72 20.4 2637.25 1795 72 72 21.9
OCUB. CAMER LNM. 709.77 159.9 73 72 5.9 742.84 195.7 72 72 6.1
OUVRESSC INLET 1683.24 1083 130 132 24.8 1647.15 1084- 128- 132 24.9. GIE -180 2215.25 377.2 76 72 18.2 2149.33 288.6 72 72 17.7
GIE -397 2564.08 261.7 130 132 38.8 2516.86 276.9 136 132 30
WM1PSI 180 CNLY 800.42 183.2 73 72 6.6 727.58- 158 72 72 6
lrTPSI 397 amY 753.38 169.7 134 132 11.4 763.75 180.6 132 132 11.5

m T1MINE 981.35 376.5 73 72 8.1 985.8 347.1 71 72 8
I'RMIE EM. HSG. 2464.46 2000 128 132 38 2614.34 1829 138 132 40
TRBINE NOZZLE 180 1522.84 -1028 71 72 12.6 1760.56 1398 71 72 15
TWINE NOZZLE 397 1829.1 1651 130 132 27.5 1850.33 1561 123 -132 28.6
WE3EL4S9TASSY. 2086.84 754.9 71 72 17.4 2155.1 958.9 69 72 17.7

TWO RUN AVERAGE
UAt~1 ,E FL, TBhE ST EV KHU CUT RH IN AVE WIP

;7.SMIG.,PR.DIEF 957.2 548.3 72.5 72.0 8.1
., . " IJNErASSY. 1416.2 855.7 70.0 72.0 11.6
?kD.S'ctZWRC~.DIHF 1884.0 1375.0 74.5 72.0 15.8
26O.S7G.DIEF.ASSY 3255.5 1144.1 133.5 132.0 49.0
2ND.SIG.DIFF.HSG. 1989.8 1309.5 75.0 72.0 15.5
2NSIG.OCR.HSG. 2101.0 1121.1 71.0 72.0 17.8
ASCRY CASE 435.8 197.4 131.0 132.0 6.6
MMKSIZP 180 1262.3 460.4 71.0 72.0 10.5
SM(SFPa' 397 658.0 626.4 135.0 132.0 9.7
BEARIG ILSG. 2591.0 1647.0 75.5 72.0 21.2
M.B. GlAkku IM. 726.3 177.8 72 5 72.0 6.0
0 INLET -1665.2 1083.4 129.0 132.0 24.9

VATFSI 180 CNLY 764.0 170.6 72.5 72.0 6,3
MTPSI 397 CNLY 758.6 175.2 133.0 132.0 11.5
7IU r' Tura 983.6 361.8 72.0 72.0 8,I
IU8 E BG. ,15G. 2539.4 1914.3 133.O 132.0 39.0
ITBINE NOZZLE 180 1041.7 1213.4 71.0 72.0 13.8
IMBINE NZZLE 397 1839.7 1606.1 126.5 132.0 28.1
WEEISWETASSY. 2121.0 856.9 70.0 72.0 17.6

MaE EXGPI5,23



Fwf| 1IR 12

ITEM1 WEZ -Fx10 sr1 STv -N~-aTi cur IN AvE-wip F1C TIM~ ST-cV- Nu air RN-IN AVE-WIP-
1ST.SI.OCR.DIFF 962.45 484.8 107 108 11.8 957.93 624.7 113 108 - 11.7
1sT.SIG.INIErASSY. 1651.45 843.3 107 108 20.4 1609.39 '881.1 106 108 20.2
2ND.SG.CW L .DIFF 1894.63 1766 112 108 22 1778.68: 1396 107 108 21.4
2ND.SG.DIFFASSY 3131.17 1217 203 198 70.5 3304.35 1228 197 198- 74.4
2ND.STG.DIFF.HSG. 1974.64 1196 108 108 23.6 1965.73 1372 114 108 23.9
-2?IafR.O .HSG. 2440 1272 110 108 29.9 2290.63 1048 109 108 27.7
AOCESSORY-CASE 452.04 202.7 204 198 10.2 438.66 245 194 198 10
EOMSIHP 180 1327.43 424.8 107 108 16.4 1225.31 387.7 108 108 15.2
B]M PSH 397 690.77 678.1 192 198- 16 667.08 652.8 199 198 15
WEARIN S 1G. 2370.91 1673 101 108 30.5 2344.58 1399 110 108 29.9" 4. a 1-r. 753.03 183.7 09 108 -9.3 740.3 203.2 109 108 9.2

"" ESM NIET 1716.76 1042 196 198 38.9 1673.47 1011. 200 198 37.3
GE -180 2848.2 257.4 102 108 35.3 2732.59 230.6 109 108 33.8
GIE -397 3390.86 229.3 203 198 76.7 3553.9 252.9 196 198 80.6
-TIPSI 180 -CLY 1008.86 218.1 108 108 12.5 1265.8 221.3 110 108 15.6
KMzSI 397 amY 1007.57 206.3 196 198 -"..7 1237.19 202 196 198 28

CRUS WIN 1030.93 339.1 108 -108 7 999.07 377.4 106 108 12.4
MBtE U. -ISG. 2271.62 1824 190 198 53.6 2577.86 1964 188 198 60
MSINE NOZZLE 180 1711.2 1305 107 108 21.4 1749.7 1350 106 108 22.4
IIE NOZZLE 397 1928:02 1799- 211V 198-- 43.7 1784.13- 1670-- 194- -198 -40.1.

14WE~lAAFTSSY. 1884.45 838.3: 112 108 23.6 2000.56 985.3 109 108 25

TM RUN AVERAGE
ITEMNN FOWTDE STr IH r NM IN AVE WP
1TSTTG.00tfR.DIFF 960.2 554.7 110.0 108.0 11.8
1S.SIG.NIETASSY. 1630.4 862.2 106.5 108.0 20.3
2ND.SI.OMR.DIFF 1836.7 1581.2 109.5 108.0 21.7-
2ND.SIG.DIFF.ASSY 3217.8 122-1 6 200.0 198.0 72.5
2ND.STG.DIFF.SG. 1970.2 1284.1-. 1110 108.0 23.8
2NDS.COP4'R.HSG. 2365.3 1159.9 109.5 108.0 28.8
ACCE Y CASE 445.4 223.8 199.0 198.0 10.1
BACKSIM-180 1276.4 406.2 107.5 108.0 15.8
BACKSfP 397 678.9 665.5 195.5 198.0 15.5

EARING HSG. 2357.7 1536;4 105.5 108.0 30.2
Ccm. CHBEM LW. 746.7 193.5 109.0 108.0 9.3
CUl4,MSCR INLET 1695.1 1026.2 198.0 198.0 38.1

,.IPSI 180 C:LY 1137.3 219.7 109.0 108.0 14.1
VAPSI 397 CNLY 1122.4 204.2 196.0 198.0 25.4
TCRUS IM1.INE 1015.0 358.3 107.0 108.0 12.6

M.INE WS. 116G. 2424.7 1894.0 189.0 198.0 56.8
INBIE NOZZLE 180 1730.5 1327.8 106.5 108.0 21.9
IBINE NOZZLE 397 1856.1 1734.6 202.5 198.0 41.9

HiAL&SHAF17SSY. 1942.5 911.8 110.5 108.0 24.3

GIE - W#6,2

rJmll RWN 12

ITM WE FLcw TDC ST -Ev mi cur NU4 IN AE WIP -FCW' WE ST CEV mi cur IN AV WIP
1ST.SIG.C*)R.DIFF 947.54 530.6 146 144 15.6 981.59 497.7 147 144 16.2
1ST.STG.INErASSY. 1628.01 950.7 137 144 27 1560.24 888.5 144 144 25.4
2ND.STG.aMIR.DIFF 1644.25 1450 145 144 25.4 1759.34 1095 139 144 2 S.7
2ND.STG.DIE.ASSY 3383.61 1181 268- 264 101.8 3289.71 -t 152 264 264' 100.4
2M,.SG.DIFF.tIW;. 1946.56 1232 142 144 31.7 2168.64 1623 146 144 36.1
2?IN=1.ca4R .1isG. 2523.96 1390 142 144 43 2244.96 1075 142 144 37.5
;CsSSRY CASE 447.08 208.7 265 264 13.5 462.35 231.-7 265 264 14

P;(-CI'i --l80 1234.04 428.8 141 144 20.2 1298.81 399.1 146 144 21.4
WaSHOP 397 659.94 599.2 258 264 20.4- 858.68 1015 264- 264 25
1WARII RG. 2718.63 1920 138 144 44.3 2598.79 1536 132 144 43.7
a 9. JH43ER lUr. 730.89 166.1 145 "144 12.1 719.34 165.3 143 144 -  11.8
WFRESSCfl INET 1729.67 1186 257 264 52.7 1691.47 1074 261 264 51.1

GIE -180 4331.46 690.5 105 144 70.8 4222.08 724.6 101 144 68.9
GTE -397 4390.55 666.4 212 264 133.7 4194.97 688.3 208 264 129



NMSI 180 CNLY 4050.86 650 102 144 CgT.9XP 2 5983.95 690.6 99 144 64.5
HMIJSI 397 CNLY- 4088.01 699.5 203 264 123.3 3867.26 743.6 193 264 -118.1, UTuMZNE 1028.69 338.5 143 144 17 1012.38 336.2 140 144 16.8

Ht'INE 2G. 313G. 2348.6 1983 265 264 71.1 2555.66 2048 274 264 78.4
RINEU NOZZLE 180 1810.62 1408 150 144 28.9 1744.54 1115 148 144 28.7

TIMINE NOZZE 397 1731.73 1735 255 -264 51.5 1909.51 1725 260 264 58.9
HEMLSHAF1ASSY. 1923.28 721 139 -144 32.3 1966.02 827.5 145 144 32.1

TWO RUN AVERAGE
-IEM NWE FIOW TIE ST[ CV- Nir H IN AVE WIP
1ST.STG.1 .DFF 964.6 514.2 146.5 144.0 15.9
IST.Sm.- ;NL/AM.Y 1594.1 919.6 140.5 144.0 26.2
2ND.SIG.OCXR.DIEF 1701.8 1272.5 142.0 144.0 27.6
2ND.SG.DIF.ASSY 3336.7 1166.8 266.0 264.0 101.1
2ND.STG.DI W.SG. 2057.6 1427.5 144.0 144.0 33.9
2NDSTGZOCC-R.HSG. 2384.5 1232.4 142.0 144.0 -40.3
ACCESSOY CASE 454.7 220.2 265.0 264.0 13.8
BCKSW? 180 1266.4 414.0 143.5 144.0 20.8
,,' ACKM 397 759.3 807.0 261.0 264.0 22.7

IBAR!M twG. 2658.7 1727.8 135.0 -144.0 44.0
C"(M. CHRBM 12M. 7251 165.7 144.0 144.0 -12.0

RIN .. 4 4.. 259.0 264.0 51.9-

IATPSI 180 CNLY 3987.4 670.3 100.5 144.0 65.4
FAPSI 397 CNLY 39776 721.5 198.0 264.0 120.7
I Us ITUTNIE 1020.5 337.4 141.5 144.0 -16.9
UTMINE-E. HSG. 2452.1 2015.6 269.5 264.0 74.8
IfINE-NOZZE 180 1777.6 1261.6 149.0 144.0 28.8
TaINE NOZZLE 397 1820.6 1730.3 257.5 264.0 55.2
MELIAMWIASSY. 1944.7 774.2 142.0 144.0 32.2

GTE - EXPI7,2

R141 RLJN 12

IT1 NAFE FICWTME ST V NMC Ur M4H IN AVE WIP FLM TnE ST Dev wU ir NtL -IN AE wIP
ISr.STG.C .DFF 896.93 513.8 71 72 7.4 884.23 444.4 73 72 7.1
1lST.STG. ZNIFASSY. 1598.15 979 70 72 13.1 1678.23 1348 73 72 13.3
2?4.S1G.CO~*R.DiEF 1842.65 1256 72 72 14.7 1729.26 1243 75 72 14.6
2ND.S'1G.DIFF.ASSY 3164-7 1271 131 132 -48.5 3321.16 1225 131 132 49.5
2ND.STG.DIFF.L SG. 2131.9 1328 66 72 19.1 2015.52 1244 72 72 17
2N)STAG.CCKR.iSG. 2.346.83 897.5 72 72 19.3 2490.98 1404 71- 72 20.7
ACCESSORY CSE 426.07 226.6 133 132 6.4 436.28 185.3 134 132 6.5
8-AKSWP 180 1182.57 435.4 70 72 9.7 1280.52 443.5 76 72 10.8
BU(S[W 397 668.19 667.7 130 132 10.1- 724.01 798.1 137 132 10.7
BARIM 1SG. 2758.52 1725 69 72 23.4 2898.7 1399 69 72 24.5
COMB. QClW JM. 747.43 208 72 72 6.2 711.77 163.2 71 72 5.9

Tal*ESa INLET 1632.44 1064 141 132- 24.9 1661.92- 1117 -127 132 25.2
GE -180 2843.02 342.2 68 72 23.3 3020.14 259.8 69 72 24.9

-GIE -397 3120.92 250.6 131. 132 47.1 3177.36 354.5 133 132 48
iAGPSI 180 ONLY 835.85 198.5 71 72 6.9 785.64 188.5 72 72 6.5
MWPSI 397 ONLY 800.49 162.3 131 132 12.1 793.57 176.8 129 132 11.9
tTRUS WISfE 969.54 330 71 72 8 1058.16 355;3 72 72 8.7
JRIUE 3r.. HSG. 2773.38 2278 137 132 40.3 2751.95 2154 134 132 39.7
tRE NOZZiE180 - 1850.03 1554 67 72 14.8 1657.1 1203 71 72 13.3

7BI =E1NZZE 397 1862.06 1899 126 132 29.2 2118.73 2133 131 132 30.6
-fL SWT ETASY. 1910.45 829.9 72 72 15.7 1988.06 862.8 71 72 16,2

WO RUN AVERAGE
ITM4 -W\kF FLC THE ST CEL MH CUr MM IN AVE WIP. lST.SIG .,PR.L)IFF 890.6 479.1 72.0 72.0 7.3
1ST.Sm .JnaErASSY. 1638.2 1163.7 71.5 72.0 13.2
2M.FG.aOR.DIFF 1786.0 1249.3 73.5 72.0 14.7
2NO.SM1G.DIEF.ASSY 3242.9 1247.9 131.0 132.0 49.0
2M0.S G.DIFF.[ISG. 2073.7 1285.7 69.0 72.0 18.1
2MSM.CCPR.IlSG. 2418.9 1160.6 71.5 72.0 20.0 5



AamsSY CASE 431.2 205.9 133.5 132.0 GTf.FXP2SPR
B? SMP 180 1231.5 439.4 73.0 72.0 10.3
BA S CP 397 .696.1 732.9 133.5 132.0 10.4
-ARIG H1G. 2828.6 1562.2 69.0 72.0 24.0

-oaB. auvem- ur. 729.6 185.6 71.5 72.0 6.1
... 1647.2 1090.5 134.0 132.0 25.1

NMI 180 CNLY 810.7 193.5 71.5 72.0 6.7
l.WPSI 397 CQLY 797.0 169.5 130.0 132.0 12.0
lalm V1INE 1013.9 342.6 71.5 72.0 8.4
'BINE -ERG. HSG. 2762.7 2215.8 135.5 132.0 40.0
'fPBINE NOZZLE 180 1753.6 1378.4 69.0 72.0 14.1
'FBINE NOZZLE 397 1990.4 2016.3 128.5 132.0 29.9
WE~rSAFrASSY. 1949.3 846.4 71.5 72.0 16.0

GE - EXP8 2

I~~ZI1 RLV 12

Ilm WE FId ThME ST DEV NM T ai .M IN AVE WIP FCWd T1M Sr NLy am ta14 im Am %ip
1ST.STG.0XWR.OIFh 949 544.1 109 108 11.8 911.52 442.9 104 108 11.3
lST.SIG.INLEfASSY. 1485.91 893.3 109 108 18.2 1692.39 1113 110 108 21.5
2ND.STG.0aFR.DIFF 1933.54 1493 107 108 23.8 2114.65 1620 108 108 24.8
2ND.S1G.DIFF.ASSY 3266.42 1141 196 198 74.2 3296.19 1282 199 198 75.5
2ND.STG.DIEF.HSG. 2166.48 1521 112 108 25.1 2076.94 1402 105 108 23.7
2NDSTG.CR.HSG. 2156.42 1036 107 108 28.3 2193.03 1176 101 108 27.6
AIESSCRY CASE 439.61 211.4 197 196- 10 445.1 216.1 198 198 10.1
BACKSHCP 180 1217.52 355.7 111 108 15 1303.4 458.8 107 108 16.3
BCS" 397 666.77 657.7 203 198 14.6 669.82 616 196 198 15.3
BAPrI HIG. 2760.21 1517 110 108 34.9 2612.89 1471 106 108 32.4
CCM. C1AMBER Ur.. 711.22 195.9 108 108 8.8 702.31 186.7 108 108 8.7
CC4tSSM INLET 1554.24 1009 195 198 35.7 1641.66 1083 192 198 36.7
GIE -180 2981.16 399.2 96 108 37.3 2826.51 465.9 91 108 35.3
GE -397 3132.01 292.4 178 198 71.3 3102.7 321.2 180 198 70.5
W TPSi 180 CNY 2751.18 421.1 94 108 34.4 2664.17 486 92 108 32.9
HMSI 397 CNLY 2784.23 424.2 167 198 62.8 2671.66 485.4 162 198 60.1
i7US IUMINE 983.45 377.3 106 108 12.1 1001 372.2 109 108 12.3
1UBItE BRG. HSG. 2553.27 1777 192 198 59.5 2501.94 1886 191 198 59.5
'1!PIhtE, NOZZLE 180 1600.86 1314 104 108 19.8 1591.37 1434 101 108 19.5
U8MINE NOZZLE 397 1818.56 1656 185 19P 41.3 1877.5 1809 200 198 40.8
M.r- &SUiMTASSY. 1967.8 832.6 103 108 24.2 1895.45 927 101 108 23.8

TWO RUN AVERAGE
I2m W-E FLCW TIE ST -V ,M air UM IN AE WIP

1ST.STG.a-R.D F 930.3 493.5 106.5 108.0 11.6
IST.S I.TNLETASSY. 1589.2 1002.9 109.5 108.0 19.9
22D.SG.OR.DIF 2024.1 1556.8 107.5 108.0 24.3
2MD.STr.DI'F.ASSY 3281.3 1211.4 197.5 198.0 74.9
2ND.SIG.DIFF.1SG. 2121.7 1461.6 108.5 108.0 24.4
2NDSTG.O!WR.1SG. 2174.7 1105.8 104.0 108.0 28.0

IXSScE Y CASE 442.4 213.7 197.5 198.0 10.1
PIMI)OP 180 1260.5 407.2 109.0 100.0 15.7
BAKS11C 397 668.3 636.8 199.5 198.0 15.0
BEAING I*SG. 2686.6 1494.2 108.0 108.0 33.7
03-3. 1AZM U13. 706.8 191.3 108.0 108.0 8.8
CCM'SS9E INLET 1598.0 1046.1 193.5 198.0 36.2

~ 3O~ 7t 28d.0; _70.9-f
WITPSI 180 aMY 2707.7 4 3.5 93.0 108.0 33.7
WrMPSI 397 CNLY 2727.9 454.8 164.5 198.0 61.5

"MM INE 992.2 374.7 107.5 108.0 12.2

1U INE =I. HLG. 2527.6 1831.6 191.5 198.0 59.5
iMR&NOf , ZLE 180 1596.1 1374.2 102.5 108.0 19.7

IUBNE NOZZLE 397 1848.0 1732.8 192.5 198.0 41.1
W .US .USVTISSY. 1931.6 879.8 102.0 108.0 24.0 6



GTE EXP2SPR

GrE - W1I9,2

RJMI P.U 12

ff lEM NE FKc -,RIE s- eV ,LU Wi uL? w AVE Wip rOW TIE ST cEV -iH Wi im 4 n s WrIp
1s.S.axm.DiF. 925.73 531.6 146 144 15.2 965.58 513.6 143 144 15.6
1.SI7G.INErASSY. 1505.02 903.2 144 144 24.9 1639.64 1017 145 144 26.6
ZD.5 .a.DIF" 1619.44 1132 136 144 27.6 1670.93 1209 145 144 28.5

ND.S"G.DIFF.ASSY 3257.82 1151 264 264 99.1 3269.08 1152 263 264 100.3
2M).SD.DIF.1SG. 2295.52 1564 149 144 36.1 2118.97 1476 145 144 35
2NI=.Caef.W. 2378.65 1455 140 144 39 2435.5 1272 145 144 40.6
POZS. CSE 484.27 219.2 267 264 14.6 454.34 202.7 263 264 13.9
BMI-180 1303.46 483.9 147 144 21.6 1302.04 420.1 142 144 21.5
BN=s1X 397 659.22 651.1 262 264 20.4 675.96 619.2 266 264 20.4

aR IUG HG. 2783.15 1660 136 144 46.4 2622.25 1844 136 144 44.3
OeB. cpt.M -lm. 734.88 204.8 145 144 12.1 733.95 204.5 144 144 12.1
2lfESS IT 1546.7 1121 266 264 45.6 1587.89 1124 258 264 47.7

G':-180- 5814.05 991.1 94 144 94.3 5655.74 937.8 96 14A 92.2
GIE- -397 5610.53 988.5 165 264 171.6 5538.99 952.6 168 264 168.6
HaIPsI 180 OILY 5468.62 985.8 95 144 89.3 5293.42 952.8 96 144 87.2
MIUPSI 397 CHLY 5334.16 961.6 161 264 162.6 5286.38 906.7 164 264 160
7 UR MOE 1043.37 381 141 144 17.3 1057.97 411.7 143 144 17.4
R1N E av. tw. 2517.06 2083 273 264 78 2432.71 2047 243 264 77.6

TLJ RE NC -180 1721.98 1235 142 144 29.3 1808.08 1327 153 144 28.9
PIMDE ICZ 397 1816.2 1760 257 264 57 1706.67 1678 257 264 54.4

1HE,.AF hSSY. 1953.4 853 146 144 32 1889.29 789.9 143 144 31.2

TWO RUN AVERAGE.M2l4 IW Elm~ TIM STl £6F 1H WYl ?m IN ASE %IP
YS .SIL.CCM.D" 945.7 522.6 144.5 144.0 15.4

IST.Sl.RrI ~EASSY. 1572.3 964.9 144.5 144.0 25.8
D.S-LG.CM.DI - -1645.2 1170.7 140.5 144.0 28.1

2NO.S-lG.D"F.ASSY 3263.5 1151.4 263.5 264.0 99.7
21.SI-.DIEF.G. 2207.2 1520.3 147.0 144.0 35.6
21OS.CPOR.iSG. 2407.1 1363.3 142.5 144.0 39.8
A aSORY C E 469.3 210.9 265.0 264.0 14.3
BASflP 180 1302.8 452.0 144.5 144.0 21.6
SCKW)Cs 397 667.6 635.2 264.0 264.0 20.4
EEAtRW i-M. 2702.7 1752.2 135.0 144.0 45.4
MS. O W* n i. 734.4 204.6 144.5 144.0 12.1
apR£ssm MI 1567.3-1122.7 262.0 264.0 46.7

KUMIPSI 180 OLY 5381.0 969.3 95.5 144.0 88.3
WlPSi 397 OILY 5310.3 934.1 162.5 264.0 161.3
mm L'MUE 1050.7 396.3 142.0 144.0 17.4
l BIE iG. MG. 2474.9-2065.3 258.0 264.0 77.8

1UM PE-, LE 180 1765.0 1281.0 147.5 144.0 29.1
1UGItE tRMzE 397 1761.4 1719.4 257.0 264.0 55.7
W- VEMM. . 1921.3 821.4 144.5 144.0 31.6

75 9T7



G'I-.E,,PI1,3 GTE EXP 3 SPR

=-wif' FI/ T.IVE ST-D-'V HO. CU TJK I AVE WIP F"IN TRE,-ST-ELV NU4 CUTE NM IN AVE W]I:

IST.STG.WM.DfF 941.43 581.96 (B 70 7.1 915.87 505.27 71 71 7.5
IST G.INIETASSY. 1593 89 925.82 63 v 12.4 1459.56 -842.83 72 71 11.3
2NDSG.CO!,FR.DIFF 2005.3 1369.96 70 70 15.2 1748.68 1042.57 09 71 14.2
2ND.STG.DIFF.SSY 3321 1259-.19 136 130 50.2 3181.97 1113.16 132 131 48.9
2ND.SG.DIF.HSG. 2038.93 1465.14 72 70 16.1 2283.73 1621.89 72 71 18.9
2NDSTG.CCK'R.SG. 2278.14 1039.03 75 70 17.9 2351.13 1355.91 72 71 18.7
AIaSW Y CASE 453.42 221.21 131 130 6.8 425.93 204.44 129- 131 6.4
BUCSIEP 180 -1304.56 419.63 G 70 10 1252.79 418.54 71 71 10
8POSItM 397 747.04 773.13 128 130 11.2 658.12 779.94 134 131 9.8
EARING MSG. 480.6 111.68 EB 70 3.7 493.07 118.02 70 71 4
Clm. aWER IN. 709.17 196.61 ai 70 5.4 698.28 184.57 71 71 5.6
CaVESSC INLET 1462.93 862.48 127 130 22.3 1689.84- 1061.47 128 131 25.5
GIE -180 2594.56 297.73 73 72 20.6 2722-94 333.22 69 72 22.2
GIE -397 3608.37 243.62 132 132 54.3 3469.75 246.99 134 132 52.8
WtAPSI 180 CNLY 733.13 140.64 z 70 5.6 755.93 161.33 71 71 6.1
4 M'PSI 397 CNLY 738.94 152.52 131 130 11.1 715.09 143.34 129 131 10.7
TIMUS TUrBINE 960-95 381.85 67 70 7.4 1088.05 417.77 71 71 8.9

MUBINE BM. IHSG. 2344.36 1785.27 132 130 35.9 2621.84 1917.54 137 131 39.5
MUSINE NOZZLE 180 1524.04 1040.01 CB 70 11.8 1485.6 1161.95 74 71 12.1
MU BINE NOZZLE 397 1626.85 1471.48 126 130 25.7 2019.46 1890.87 130 131 30.5
-HF"L S1UMF1ASSY. 1898.25 826.91 74 70 14.8 2015.42 884.95 71 71 15.9

IM RUN AVENU
IU 4 N E FIC4 TIME ST DEV NU1 W(r K IN AVE WIP
1ST;S7G.COtf1R.DIFF 928.7 543.6 69.5 70.5 7.3
1ST.SIG.INLEIASSY. 1526.7 884.3 67.5 70.5 11.9
2ND.S'IG.aPR.DF 1877.0 1206.3 69.5 70.5 14.7
2ND.S7G.DIFF.ASSY 3251.5 1186.2 134.0 130.5 49.6
2ND.SIG.DIFF.HSG. 2161.3 1543.5 72.0 70.5 17.5
2N=SG.CCR.SG. 2314.6 1197.5 73.5 70.5 18.3
AO=SCRY CASE 439.7 212.8 130.0 130.5 6.6
BACOKSHCP 180 1278.7 419.1 70.0 70.5 10.0
BACKStKP 397 702.6 776.5 131.0 130.5 10.5
BWI.G 1SG. 486.8 114.9 67.5 70.5 3.9

019. CR4m Il. 703.7 190.6 68.0 70.5 5.5
C INLET 1576.4 962.0 127.5 130.5 23.9

WdPSI 180 CNLY 744.5 151.0 68.0 70.5 5.9

WATPSI 397 CN1,Y 727.0 147.9 130.0 130.5 10.9
1CRUSIMINE 1024.5 399.8 69.0 70.5 8.2
TWUINE BRG. HS. 2483.1 1851.4 134.5 130.5 37.7

MlIflINE NOZZLE 180 1504.8 1101.0 71.0 70.5 12.0
MINE NOZZLE 397 1823.2 1681.2 128.0 130.5 28.1

%4EL&SHAFTASSY. 1956.8 855.9 72.5 70;5 15.4

GIE - EP2,3

R tII RUN 12

IA34NAiE F1CWT WE ST CDV NUM4IT NHIN AVEWIP FI.WTIHE SIT[tV N14 ar NUMIN AVE WIP
IST.SIG.CQtPR.DIFF 926.48 553.57 Ul 107 11.4 965.71 492.91 102 109 12.2
1T.SIG.INIETASSY. 1463.59 843.33 106 107 18.2 1567.58 898.25 105 109 19.9
2ND.S'G.WFR.DIFF 1966.83 1600.43 113 107 22.6 1682.35 1128.28 101 109 20.7
2ND.STG.DIFF.ASSY 3284.09 1191.82 203 200 74.8 3259.34 1278.57 201 200 75.5
21D.S7G.DIF.1SG. 2406.69 1652.6 105 107 20.4 2063.42 129Q,47 106 109 26.1
2DSIG.CM'R.1SG. 2535.76 1517.15 114 107 30.3 2362-09 1121.14 108 109 29.6
AC?'SSCRYCASE 453.21 224.13 202 200 10.4 457.24 215.13 201 200 10.4
EVCKSIP 180 1315.73 444.55 110 107 16.1 1315.9 441,37 110 109 16.2
BACKSlaP 397 773.68 769.33 199 200 16,9 651.48---673.04 201 200 15.2
BEARIN ISG. 477.91 112.25 108 107 5.9 178.99- 99.96 108 109 6
(3t4'. GI4NIR IW. 729.27 185.44 106 107 9 726,88 159.78 108 109 9
CWRESSC INLET 1580.13 1154.19 204 200 36.8 1654.31 1006.59 203 200 37.8
GIE -180 2580.17 229.43 114 108 31.9 2443.97 211.27 107 108 30.3
GIE -397 3278.59 252.19 204 200 5 3270Z,6 -196;44 201 200 75.5
miTPSI 180 cNLY 808.16 176.37 105 107 9.9 789.26 169.83 106 109 9.8
WGPSI 397 CNLY 806.44 155.49 203 200 18.5 811.9 170.37 2(4 200 18.5
TICRUS TuIIJNEI 1013.8 401.66 110 107 12.3 1025,06 316.08 106 109 12.6

URBINE BRG. HSG. 2244.46 1867.38 194 203 53.9 2654.5 2050-.99 211 200 61.7

9f



TBINE NOZZLE 180 1689.34 1267.13 110 107 GIE.EXP3SPRO9.1 1261.46 107 109 20.11JPBINE NOZZLE 397 1654.67 1718.71 186 200 37 1872.32 1721.05 208 200 43.2-4WEL&ESHUF1SY. 1829.54 755.03 109 107 23.2 2005.69 843.7 109 109 24.8

IM RUN AVER
I *NAVE FILW TDIE ST D .i air .IN AVE WIP

IST.STG.XavrR.DIFF 946.1 523.2 106.5 108.0 11.8
1ST.SlG.INIEASSY. 1515.6 870.8 105.5 108.0 19.1
2ND.STG.C .DIFF 1824.6 1364.4 107.0 108.0 21.7
2ND.S1G.DIFF.ASSY 3271.7 1235.2 202.0 200.0 75.2
2ND.STG.DIFF.HSG. 2235.1 1471.5 105.5 108.0 27.8
2N[DSM.CIR.HSG. 2448.9 1319.1 111.0 108.0 30.0
'ACCES gY CASE 455.2 219.6 201.5 200.0 10.4
BIACQSP 180 1315.8 443.0 110.0 108.0 16.2
EBSNHCP 397 712.6 721.2 200.0 200.0 16.1
BAR=IG HSG. 478.5 106.1 108.0 108.0 6-0
, ca. aw R urN. 728.1 172.6 107.0 108.0 9.0
caffz= INE 1617.2 1080.4 203.5 200.0 37.3

HAPI 180 amNY 798.7 173.1 105.5 108.0 9.9
VAIPSI 397 CNLY 809.2 162.9 203.5 200.0 18.57RS ITJTINE 1019.4 358.9 108.0 108.0 12.5
IXPBINE BRG. HSG. 2449.5 1963.2 202.5 200.0 57.8
UMINE NOZZLE 180 1649.2 1264.3 108.5 108.0 20.2
'IMBINE NOZZLE 397 1763.5 1719.9 197.0 200.0 40.1
NEZ&SHAFTASSY. 1917.6 799.4 109.0 108.0 24.0

GIE - EXP#3,3

RV1l IM 12

ITEM NNE FiW TThE ST DEV NUcr NU4 IN AVE WIP FLCW TI1' ST CEV NLH air NuMNIN AVE WPIST.SITG.Qt .DIFF 981.33 511.81 136 142 15.5 970_.92 526.19 149 144 15.5* 1ST.SITGINlErASSY. 1523.9 791.57 143 142 24.7 1520.43 851.67 153 144 24.5
2ND.SIG.ca4'R.DIFF 1712.42 1178.97 144 142 26.9 182:.05 1398.45 150 144 29.82ND.STG.DIFF.ASSY 3203,16 1184.37 259 267 99 3268.-72 1185.8" 267 266 99.52ND.SG.DIFF.SG. 2115.73 1465.13 144 142 33.8 2141.13 1350.84 144 144 36.1
2NDSTG.CCP .lSG. 2225.77 1125.48 144 142 35.5 2425.61 1260.02 152 144 40.6°AOESSORY CASE 439.21 234.36 272 267 13.5 422.58 200.07 265 266 12.8
BACKS[EP 180 1306.72 433.72 141 142 20.6 1249.37 408.87 143 144 20.6BiACMSRP 397 689.32 688.63 275 267 21 728.51 787.2 266 266 21.5BEARING ISG. 499.81 111.3 136 142 8 491.29 111.91 140 144 8
Co3. QU, ER LNG. 756.68 169.86 135 142 11.9 741.62 180.91 -145 144 12CUTRESCR INlET 1551.39 1154.3 274 267 47.7 1711.54 1256.88 249 266 51.5
GIE -180 3106 576.84 116 144 50.6 3373.34 573.22 111 144 56.6GIE -397 3193.95 384.31 231 264 98.7 3444.83 504.11 225 264 105.7
M.PSI 180 CNLY 3055.01 577.49 115 142 49.8 3359.54 581.3 111 144 56AT7PSI 397 CNLY 3033.41 546.73 208 267 92.9 3377.44 586.77 205 266 102.1I [[tt JU4INE 1047.02 372.2 138 142 16.5 1022.62 368.09 149 144 16.7
IMtSINE ERG. H. 2276.33 1672.55 267 267 72.9 2355.44 1856.88 257 266 72.8
IURBINE NOZZLE 180 1622.74 1277.48 144 142 25.5 1680-.51 1413.93 148 144 27.4
IRBINE NOZZLE 397 1929.67 1960.09 271 267 59 1887.69 1816.95 265 266 59.1MIEELASWMETASSY. 1774.73 733.09 146 142 28.3 1938 822.81 146 144 32.6

W~ RUN AVERAGE
IM NNE F1CW TDIE ST DEV M CUr N14 IN AVE WIP
1ST.SlG.0P. DIF 976.1 519.0 142.5 143.0 15.5
1ST.SlG.INLErASSy. 1522.2 821.6 .48.0 143.0 24.6
2D.S1G.QOMR .DIFF 1768.2 1288.7 147.0 143.0 28.4
2D.STG.DIFF.ASSY 3235.9 1185.1 263.0 266.5 99.3
2ND.Slt.DIFF.HSG. 2128.4 1408.0 144.0 143.0 35.0
2NDSIM.caP.IsG3. 2325.7 1192.8 148.0 143.0 38.1
A?=SScMY CASE 430.9 217.2 268.5 266.5 13.2
BICKSRZP 180 1278.0 421.3 142.0 143.0 20.6
BI CSRIP 397 708.9 737-9 270.5 266.5 21.3
_EARIIG =1G. 495.6 111.6 138.0 143.0 8.0
CM38. OL43M Mr. 749.2 175.4 140.0 143.0 12.0
C 1205.6 261.5 266.5 49.6

MMPI 180 amY 3207.3 579.4 113.0 143.0 52.9
WMH SI 397 CNLY 3205.4 566.8 206.5 266.5 97.5
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1RIS II E 104.8 37001- 143.5 1430 GTEXP 3 SPR
MPBINE BRG. BSG. 2315.9" 1764-7 262.0 266.5 72.9

TM.BINE NOZZLE 180 1651.6 1345.7- 146.0 143.0 26.5
I t81NE NOJZZLE 397 1908.7 1888.5 268.0 266.5 59.1

VtEEL&SIAFISSY. 1856 4- 778.0 146.0 143.0 30.5

GIE - EXP14,3

IJ Il RUN 12

11 W E FLOW TIE STDEV NtUJ(Tr NLH IN AVEWIP FIW TIhE STDEV Na/Cur N1-4 IN AVEWIP
1ST.S'IG.OCtR.DIFF 976.13 590.95 69 70 7.3 930.81 437.29 69 71 7.6
lST.STG.INIEASSY. 1453.88 867.71- 71 70 ll 1622.56 896.07 71 71 13.2
2ND.STG.03PR.DIFF 1962.01 1463.71 70 70 15.5 1591.1 1136.33 -6 71 13.8
2ND.S1G.DIPF.ASSY 3124.19-1067.07 133 130 47.8 3382.2 1235.66 143 131 51.5
2ND.S'G.DIEF.HSG. 2474.97 1495.07 72 70 19.6 2367.88 1545.56 74 71 18.4
2NDSM.1G R.HSG. 2180.54 1131.31 (5 70 18.2 2389.4 1169.24 71 71 20,2
ACCESSCRY CASE 449.54 201.89 131 130 6.7 450.92 226.07 28 131 6.8
BACKSWP 180 1304.46 457.35 6 70 10 1242.29 441.86 73 71 10.1
BACKSWP 397 670.39 766.94 135 130 10.2 694.33 649.45 132 131- 10.9
EARING HSG. 469.58 104.1 66 70 3.6 495.04 113.88 T0 71 4CUE9. COJ4Am INm. 692.58 170.04 69 70 5.3 755.83 175.9 71 71 6.1

aITESSCR INLET 1531.08 1082.69 135 130 22.7 1690.94 1155.85 130 131 24.6
GIE -180 2113.25 225.56 - ' 72 16.5 2141.7 203.91 71 '72 17.4
GIE -397 2418.68 194.21 "5 132 36.2 2656.03 252.82 141 132 40.1
NM SI 180 CNLY 770.41 159.51 67 70 5.9 716.2 157.78 72 71 5.7
MTIPSI 397 CNLY 758.11 158.14 129 130 11.3 750.03 152.64 131 131 11.2
TMtUS uINE 991.74 391.43' 6) 70 7.5 1046.52 340.75 71 71 8.4

MlPBINE EM. HSG. 2378.08-1902.75 129 130 36.7 2580.51 1940.01 124 131 40.3
MdPBINE NOZZLE 180 1760.45 1279.3 71 70 14.7 2119.55 1430.42 72 71 17.1
MIRBINE NZZLE 397 2152.04 1929 127 130 31.9 1849.88 1854.1 131 131 21.1

1HEELSHA'TASSY. 1993.96 808.38 69 70 15.7 2235.85 998.27 71 71 18.3

W1 RUN AVEPAGE
1T14 N*E F1 T=hE ST tEV Ntm-cur I'IN AVE WIP
1ST.SMT.C*PR.DIhF 953.5 514.1 69.0 70.5 7.5
1ST.STG.INIErASSY. 1538.2 881.9 71.0 70.5 12.1
2ND .SIG.,MPR.DIEF 1776.6 1300.0 69.0 70.5 14.7
2ND .SIG.DIEF.ASSY 3253.2 1151.4 138.0 130.5 49.7
2ND.SIG.DIFF.HSG. 2421.4 1520.3 73-0 70.5 19.0
2NDSIG.CaPR.HSG. 2285.0 1150.3 68.0 70.5 19.2
I:7CY CASE 450.2 214.0 129.5 130.5 6.8
BACKSP 180 1273.4 449.6 71.0 70.5 10.1
B1AOCSP 397 682.4 708.2 133.5 -130.5 10.6
EMARIN. HSG. 482.3 109.0 68.0 70.5 3.8
C3O. OIN4E Lm. 724.2 173.0 70.0 70.5 5.7
CxFSSCR INLET 1611.0 1119.3 132.5 130.5 23.7

MUPSI 180 QCLY 743.3 158.6 69.5 70.5 5.8
MWIPSI 397 CNLY 754.1 155.4 130.0 130.5 11.3
TCRUS IUINE 1019.1 366.1 70.0 70.5 8.0

MJPBINE ERG. 115G. 2479.3 1921.4 126.5 130.5 38.5
IIINE NOZZLE 180 1940.0 -1354.9 71.5 70.5 15.9
urBINE NMZZLE 397 2001.0 1891;6 129.0 130.5 29.5

WIEL&SHAFTASSY. 2114.9 903.3 70.0 70.5 17.0

GIE - EXPl5,3

Fai1 RtN 12

IIEM NNE FLCW TDE ST CEV RtH CUr kuIN AVE WIP FLj4 TUC ST DEV NI4 cJr H -IN AVE WIP
1ST.STG.OC(tfR.DIFF 933.69 499.99 114 107 11.4 1060.55 571.07 101 109 13.2
IST.SIG.INLETASSY. 1519.18 768.62 99 107 19.3 1623.1 749.09 106 109 20.2
2ND.S'1t.CrMR.DIFF 1972.72 1370.42 108 107 24.1 1668.56 953.28 102 109 20.9
2D.SG.DIFF.ASSY 3308.58 1255.22 205 200 75 3368.1 1232.55 208 200 7B
2ND.SIG.DIFF.HSG. 1971.41 1297.35 il 107 75 2063.34 1576.3 112 109 25.7
2NDSTG.COPR.1SG. 2292.25 1078.64 107 107 28.4 2219.36 1189.39 108 109 27.1
AOCESSCRY CASE 430.97 222.81 198 200 9.9 446.48 219.02 195 200 10.2
BACKDS1P 180 1304.04 441.99 106 107 16.1 1330.13 407.26 109 109 16.4
BACKStXP 397 788.83 754.84 202 200 17.9 738.85 723.59 206 200 16.5

BARING HSG. 491.28 114.42 110 107 6.1 475.02 111.01 108 109 5;9
COM. aiA.mSER ING. 739.93 183.54 107 107 9.1 721.67 176.48 108 109 9
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WaP8ESSCR INLET -1667.16 1125.09- 187 200 G'EEXP3SEM0.04 1134.98 197 200 36.4
GIE -180 2498.12- 176.71 108 108 30.9 2435.42 171.7 107 108 30.2SGTE -397 3465.72 279.07 203 200 792 3555.54 240.48 207 200 82.2
FAIPSI 180 CNLY 1156.9- 173.56 106 107 14.2 922.48 179.49 108 109 11.4
WTPSI 397 CNLY 1176 187.34 194 200 26.9 985.39 167.79 208 200 22.5
TCRUS IMSINE 965.92 342.58 104- 107 12 1023.95 388.3 109 109- 12.7
1U BIE8TG. 115G. 2404.01 2199.16 205 200 53-6 2545.94 2108.83- 210 200 8)
M1IRBINE NOZZLE 180 1809.01 1436.89 110 107 22.6 1633.58 1189.31 . 99 109 22.4
IMSINE NOZZLE 397 -1834.87 1796.91 193 200 42.7 2119.27 2086.54 208 200 48.3
WEEL&SHANTASSY. -1981.55 823.2 109 107 24-7 1944.81 752.78 109- 109 24.1

WO RUN AVER AGE
ITEMNAME FICW TDE ST MEV- N an IN AVE WIP
1ST.S 0.QtA'R.DIFF 997.1 535.5 107.5 108.0 12.3

IST.STG.INLErASSY. 1571.1- 758.9 102.5- 108.0 19.8
2ND.STG.Q*'WR.DIFF 1820.6 1161.9 105.0- 108.0 22.5
2ND.SIG.DIEF.ASSY 3338.3 1243.9 206.5 200.0 76.5
2ND.S1G.DIFF.HSG. 2017.4 1436.8 111.5 108.0 25.4
2NDSTG.ca4PR.HSG. -2255.8 1134.0 107.5- 108.0 27.8
ACCESSCRY CASE 438.7 220.9 196.5 200.0 10.1
BAKSWP 180 1317.1 424.6 107.5 108.0 16.3
BACKSM)P 397 763.8 739.2 204.0 200.0 17.2
B WARI, HSG. 483.2 112.7 109.0 IC8.0 -6.0
CaIIB. CIf-Em ING. 730.8 180.0 107.5. 108.0 9.1
ca4DRESSCR INLET 1648.6 1130.0 192.0 200.0 36.1

KUPSI 180 CaLY 1039.7- 176.5 107.0 108.0 12.8
WM PsI 397 ILY -1080.7 177.6 201.0- 200.0 24.7
1TUS ItINE 1004.9 365.4 106.5 108.0 12.4
MINR E ERS. H15G. 2475.0 2154.0 207.5 200.0 56.8
MINE NOZZLE 180 1721.3 1313.1 104.5 108.0 22.5
MPSINE NOZZLE 397- 1977.1 1941.7 200.5 200.0 45-5

WL&SW/F1SY. 1963.2 788.0 109.0 108.0 24.4

. GIE - E)PI6,3

"11# RUN 12

ml4 NNE FICW TDE ST DEV N4 alr NkiIN- AVE WI FLC THE ST 1EV NL CUr 1,1 IN AVE WIP
ST.STG.CXIPR.DIFI 958.58 576.92 140 142 15 1074.61 588.17 149 144 17.1

1ST.S'G.INLErASSY. 1622.17 -854.14 141 142 25;9 1468.08- 809.41' 141 144 24.5
2ND.STG.MtPR.DIFF 1755 .51 1210.56 140 142 2 1909.28 1207.82 141 144 32.2
2ND.SIG.DIFF.ASSY 3063.71 1096.24 260 267 93.5 3236.75 1195.21 273 266 96.8
2ND.STG.DIFF.HSG. 2003.95 UP 1.59 147 142 31.6 2118:64 1376.12 148 144 34.9
2NDSTG.C .ILSG. 2347.77 11 1.59 142 142 38 2211.39 1051.73 147 144 36.2
AOCESSCRY CASE 411.64 183.85 26B 267- 12.9 452.41 217.48 264 266 13.7
BAKSIP 180 1345.03 432.51 136 142 21.1 1312.58 427.86 146 144 21.6
BACKSDZP 397 -721.33 636.52 270 267 22.4 696.63 661.08 259 266 21.2
EARIlN HSG. 477.52 95.3 136 142 7.6 487.08 99.88 140 144 7.9

0co8. atHkm u13, 712.49 185.07 138 142 11.3 69468 165.77 143 144 11.3
CXPRESC INLET 1586.13 1183.82 263 267 49.2 1552.87 1090.85 261- 266 47.3
GIE -180 3820.11 643.15 110 144 63.3 4117.92 707.04 106 144 68.9

GME -397 3899.76 620.71 206 264 120.7 4182.78 666.1 206 264 127.3

vaTPSI 180 CNLY 3C^-.,9 654 111 142 60.9 3988.87 700.26 106 144- 66.8
MMITSI 397 CNLY 3731.75 647.78 195 267- 114,3 4043.07 693.1 191 266 121.2
'mus mUBINE 1057.27 400.98 13§ 142 16.7 1033.05 351.95 149 144 16.7

URBINE RG. HSG. 2397.71 1982.42 265 267 73.9 2457.89 1944.32 249 266 76.6
MBINE NOZZLE 180 1624.85 1083.28 140 142 25.4 1692.67 1160.83 139 144 29
MRBINE NOZZLE 397 1856.29 1653.73 272 267 58.6 1912.77 1819.46 260 266 57.1

R I dSUFMSY. 1991.55 881.61 144 142 32.1 1994.17 749.1 m50 144 33.6

7M RMN AVERAGE
ITE N mr FLCW THE ST EV 14 or NWIN AVE WIP
IST.SIG.001,PR.DIEF 1016.6 582.5 144.5 143.0 16.1
1ST.STG.INLETASSY. 1545.1 831.8 141.0 143.0 25.2
2ND .S .0 . DIFF 1831.9 1209.2 140.5 143.0 30.1
21D.ST.DIEIF.ASSY 3150.2 1145.7 266.5 266.5 95.2
2M.STG.DIFF.HSG. 2061.3 1360.4 147.5 143.0 33.3
2156srG.CMR.LISG. 2279.6 1121.2 144.5 143.0 37.1
AOESCRY CASE 432.0 200.7 266.0 266.5 13.3
EVCI(SIK P 180 1328.8 430.2 141.0 143.0 21.4
BACKS1?P 397 709.0 648.8 264.5 266;5 21.8



B PAIN HSG. 482.3 97.6 138.0 143.0 GTE.EXP 3 SPR
CZB. CHX3E LW.. 703.6 175.4 140.5 143.0 11.3

W LET- 1569.5 1137.3 262.0- -Z§.5 - . Y

MkJpSI 180 aNLY 3841.1 677.1 108.5 "143.0 63.9
MTPSI 397 CLY 3887.4 670.4 193.0 266.5 117.8
ITCRUS TUMBIE 1045.2 376.5 143.5 14.0 16.7
MIRBINE BM3. HSG. 2427.8 1963.4 257.0 266.5 75.3
MIlBINE NOZZLE 180 1658.8 1122.1 139.5 143.0 27.2
M1urBINE NOZZLE 397- 1884.5 1736.6 266.0- 266.5 57.9

HIE L& TASSY. 1992.9 815.4 147.0 143.0 32.9

GIE - E)P#7,3

RJNIl U 12

Im 4WE FUI1WTDIE ST EV NLH CL4 NM14IN AVEWIP FCW T11E STIEV Lmcur RMIN AVEWIP1ST.SI/GXt4R.DIFT 925.86 471.34 69- T 7.2 957.71 513.45 71 71 7.91ST.SIG.INIErASSY. 1772.13 786.58 67 70 13 1509.24 962.42 5 71 12.1
2ND.STG.Xt4R.DIFF 1484.05 894.34 67 70 11.5 1832.88 1220.64 66 71 14.92ND.SG.DIFF.ASSY 3438.38 1234.83 132 130 49.9 3431.21 1299.4 129 131 51.92N.STG.DIFF.HSG. 2095.21 1427.08 73 70 15.9 1979.16 1345.21 72 71 15.52NDS'I.C(-PR.HSG. 2334.33 1376.9 75 70 17 2547.73 1197.15 6B 71 20.9,ACESSCRY CASE 432.96 193.34 127 130 6.5 435.51 212.96 133 131 6.5BACKSHCP 180 1353.23 467.97 70 70 10.5 1237.05 433.07 73 71 10.1ACKSIHT 397 705.51 711.09 130 130 10.4 761.85 810.27 136 131 uBEARING HSG. 483.46 104.09 6 70 3.7 467.01 106.51 69 71 3.7oom. at*m 1D3. 755.97 204.21 E8 70 5.7 726.25 -159.99 9 71 5.8ca wz.OsR INzT 1767.58 1096.29 135 130 26.2 1685.28 1080.87 134 131- 25.1GIE -180 2393.39 208.3 71 72 18.9 2560.76 278.85 67 72 20.8GIE -397 3165.56 209.08 132 132 47.7 3270.92 211.58 128 132 49.6M .PSL180 ONLY 754.77 153.89 67 70 5.8 761.24 158.12 7n 71 6.1MTPSI 397 NLY 748.7 149.7 132 130 11.2 752.74 153.53 132 131 11.31mus MiNE 1070.38 348.6 67 70 8.2 984.68 343.1 71 71 8M1RBINE BR. 12G. .2379.47 1876.83 135 130 36.4 2552.65 2001.48 136 131 39.4TaPSINE NOZZLE 180 2156.83 1334.68 (B 70 17.6 2028.28 1429:62 73 71 17.1TURBINE NOZZLE 397 1900.1 1652.69 118 130 28.4 1989.69 1879.02 139 131 W.2WlEEL WTAS.Yi 1888.98 848.01 -9 70 14 2189.21 916.47 70 71 18.V

TWO RUN AVERAGE
IM Wt FLCw TIm ST Ev .:N our aiN -wip
iST.SIG.aX'PR.DIhF 941.8 492.4 7D.0 .05 7.6
IST.SG.INlEAS.SY. 1640.7 874.5 '7110 70.5 12.s
2ND.SG.OM .DI 1658.5 1057.5 66.5 70.5 13.2
2ND.SIG.DIFF.ASSY 3434.8 1267.1 130.5 130,5 50.9
2ND .S'IG.DIF-r.HSG. 2037.2 1386.1 72.5 70.S 15.7
2XDM.osCKR.HsG. 2441.0 1287.0 71.5 70.5 19.0
AOCESSM1y CASE 434.2 203.2 130.0 -130.5 6.5
BACKSHOP 180 1295.1 450.5 71.5 70.5 10.3
BAKSHOP 397 733.7 760.7 133.0 130.5 10.7
BEARING tG. 475.2 105.3 67.5 70.5 3.7
(cIB. GW43MS LNG. 741.1 182.1 68.5 70.5 5.8
(2ESSCR INLET 1726.4 1088.6 134.5 130.5 25.7

MWPSI 180 CNLY 758.0 156.0 68.5 70.5 6.0
MTPSI 397 CNLY 750.7 151.6 132.0 130.5 11.3
imuS TInE 1027.5 345.9 69.0 70.5 8.1
1BINE BRG. H1G. 2466.1 1939.2 135.5 130.5 37.9
TURB]E NOZZLE 180 2092.6 1382.2 70.5 70.5 17.4

MUSINE NOZZLE 397 1944.9 1765.9 128.5 130.5 29.3
HEMLSF1UESTASSY. 2039.1 882.2 69.5 70.5 16.1

GIE - EWI8,3

5



GTE EXP 3 SPR

rl4N*'E FLcIwTn-P ST DEV I4CT NLMIN AVEWIP F.CW TIM ST CEV M-MaJr NUMIN AVE WIP
* 1ST.STG.CaVPR.DIEF 1073.85 624.81 106 107 13 991.33 556.65 108 109 12.2

IST.STG.IN --IASSY. 1564.06 848.57 114 107 19.4 1598.62 857.26 112 109 19.9
2ND.SIG.OUI)R.DIEF 1676.49 1158.75 109 107 21 1756.15 1161.27 106 109 21.5
2ND.STG.DIEF.ASSY 3284.02 1212.02 210 200 74.6 3324.19 1248.1 197 200 77.2
2ND.STG.DIFF.HSG. 2070.36 1321.74 103 107 z 1975.9 1392.08 110 109 24.2

2NDSTG.CCIWR.IISG. 2141.18 968.86 104 107 27.4 2i97.04 1026.39 99 109 27.7

A=SSCRY CASE 446.73 199.09 197 200 10.3 438.83 205.04 199 200 10
BACKSHTP 180 1255.7 484.41 110 107 15.3 1328.42 415.01 107 109 16.3

BACKShR 397 750.62 732.64 199 200 17.7 723.46 689.13 197 200 16.4
EEARING HSG. 473.76 104.79 105 107 5.9 466.58 114.02 110 109 5.8
om. A aWB L2M. 729.54 174.36 109 107 9 705.64 156.09 108 109 8.8
ca ss INEr 1667.82 1160.93 198 200 38.7 1656.69 1098.45 199 200 38.1
GIE -180 2634.94 404.98 93 108 32.9 278i.58 489.45 87 108 34.9
GIE -397 2971.27 230.4 190 200 68.3 3075.93 320.17 187 200 71.5
NM£PSI 180 CULY 2549.67 440.91 94 107 Q 2696.98 500.33 86 109 34.2

-W TSI 397 CNLY 2559.09 413.98 165 200 58.6 2804.55 518.98 168 200 64.6
1TRUS Tu1BINE 1077.38 363.68 108 107 13.2 1112.01 491.37 109 109 13.7
T'RBINE BRG. HSG. 2435.65 1952.85 200 200 58.4 2370.78 2041.31 187 200 56.6
TURBINE NOZZ1E 180 1626.36 1368.23 109 107 19.5 1680.58 1353.33 1i 109 20.9

TURBINE NDZZE 397 2179.19 2075.65 204- 200 49 1829.06 1666.48 208 200 42
WEEL&SHAFTASSY. 1925.8 785.65 110 107 23.6 1938.43 713.74 107 109 23.9

TM RUN AVERAM
i' NAE F1CW TDE STDEV am N cT NtM IN AVE WIP
1ST G.aPR.DIFF 1032.6 590.7 107.0 108.0 12.6
1ST.STG.INLErASSY. 1581.3 852.9 113.0 108.0 19.7
2ND.STG.MPR.DIFF 1716.3 1160.0 107.5 108.0 21.3
2ND.STG.DIFF.ASSY 3304.1 1230-1 203.5 200.0 75.9
2ND.S1TG.DIFF.HSG. 2023.1 1356.9 106.5 108.0 24.6

2NDM .CCI R.HSG. 2169.1 997.6 101.5 108.0 27.6
AOCESSCRY CASE 442.8 202.1 198.0 200.0 10.2
BACKSIWV 180 1292.1 449.7 108.5 108.0 15.8
BACKSHCP 397 737.0 710.9 198.0 200.0 17.1. EARINS HSG. 470.2 109.4 -107.5 108.0 5.9
WIS. C 3 IM;. 717.6 165.2 108.5 108.0 8.9
' ?RESCR INLET 1662.3 1129.7 198.5 200.0 38.4

NPI 180 NLY 2623.3 470.6 90.0 108.0 33.1
MTPSI 397 CNLY 2681.8 466.5 166.5 200.0 61.6
'IMUS IURBINE 1094.7 427.5 108.5 108.0 13.5
TURBINE BRG. HSG. 2403.2 1997.1 193.5 200.0 57.5
TURBINE NOZZLE 180 1653.5 1360.8 110.0 108.0 20.2
TURBINE WDZZLE 397 2004.1 1871.1 206.0 200.0 45.5
HE4LMSHAFASSY. 1932.1 749.7 108.5 108.0 23.8

GIE - EXPI9,1

rINl RU11 12

IM NWNNE FCW4 TIhE ST Xv mm WT W.4 IN AVE WIP FICW TWE ST CEV M CUr Wl IN AVE WIP

1ST G. XMtR.DIFF 1041.02 520;52 136 142 16.3 966.04 555.9 142 144 16
IST.S13.INLETASSY. 1615.15 868.06 145 142 25.3 1515.74 836.03 141 144 25.3

2ND.STG.OMPR.DIFF 1839.41 1665;47 134 142 29.2 1742.51 1147.51 139 144 30.2

2ND.S'TG,DIFF.ASSY 3268.91 1245.92 266 267 99.6 3128.91 1065.78 256 266 96.6

2ND.STG.DIFF.iSG. 2158.49 1397.32 145 142 34.2 1869.16 1236.82 135 144 31.7
2NDSI.CCW4R.F1SG. 2258.16 1190.81 139 1 36.4 2351.53 1044.99 H5 144 39

AE=SCRY CASE 413.42 181.75 270 267 12.9 430.16 210.57 266 266 13
BrmlSlCP 180 1219.3 384.48 139 142 19.3 1293.45 444.76 146 144 21.2
BACKSHOP 397 712.9 696.84 272 267 21.5 704.46 732.97 271 266 21.1
IEARII; 115G. 474.33 113.1 134 142 7.6 490.16 115.72 140 144 8
W47. C1AMER'rLN. 710.25 168.92 136 142 11.2 695.41 160.19 141 144 11.3.( c/4PESSCR INIEr 1598.21 1001.54 261 267 49.7 1603.85 1180.06 247 266 50.5
GIE -180 5200.97 1036 S 144 85.7 5371.24 960.57 89 144 89.7
GIE -397 5217.94 961.21 161 264 158.2 5412.66 985.59 165 264 162.6

t'ATPSI 180 NLY 5047.21 1053 5 142 83 5212.86 1004.8 93 144 86.9

MWiPSI 397 CNLY 5054.45 984.3 165 267 153.3 5251.4 969.18 163 266 157.9

'IRUS TU'IN E 1002.67 459.5 139 142 15.6 1001.44 331.46 149 144 16.5

603



'nmBIrI a3.-FSG. 2353.62 2067.03 269 267 GTEEXP3SFP414.8T 1892.36 258 266 72.6
iPBINE )ZZ1Eg 180 1872.34 1640.05 -145 142 29.4 1945.92 1443.82 139 144 32.9
1tPBINE N LZZE-397 2001.68 2013.64 268 267 59.2 1680.95 1551.21 262 266 51.4
W4EL&SHAFTASSY. 1916.85 829.28 145 142 30.3 2014.38 712.02 151 144 33.4

WI1 RUN AVERAGE
11 Ne FIC W TIlE ST cEV Nucu mmU IN AVE WIP
1ST.S7G.CCW4R.DIEF 1003.5 538.2 139.0 143.0 16.2
1ST.STG.INIErASSY. 1565.4 852.0 143.0 143.0 25.3
2ND.SMG.OaR.DIFF 1791.0 1406.5 136.5 143.0 29.7
2ND.SIG.DIF.ASSY 3198.9 1155.9 261.0 266.5 98.1
2ND .S1G.DIFF.HSG. 2013.8 1317.1 140.0 143.0 33.0
2NDSTG.CUI4R.HSG. 2304.8 1117.9 142.0 143.0 37.7
PACESSCRY CASE 421.8 196.2 268.0 266.5 13.0
BimtxP 180 1256.4 414.6 142.5 143.0 20.3
BA1KSItP 397 708.7 714.9 271;5 266.5 21.3
BEARING HSG. 482.2 114.4 137.0 143.0 7.8
CCH8. CH*MBER 1M. 702.8 164.6 138.5 143.0 11.3
CaVREsa INIET 1601.0 1090.8 254.0 266.5 50.1

MTPSI 180 CNLY 5130.1 1028.9 92.5 143.0 85.0
MWPSI 397 CNLY 5152.9 976.7 164.0 266.5 155.6
ItRUS 'T nDE 1002.1 395.5 144.0 143.0 16.1
ILRBINE BRG. IISG. 2404.2 1979.7 263.5 266.5 73.1
UTiBINE NOZZLE 180 1909.1 1541.9 142.0 143.0 31.2
UPINE NX-E_397 1841.3 1782.4 265.0 266.5 55.3
RIEEL&SHA.EASSY. 1965.6 770.7 148.0 143.0 31.9
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GTE - EXP1,4 GTE EXP 4 SPR

O mUll RUN 12

MWE FL-TDE STIMV NLU4CU RM IN AVE-WIP FIM TDE ST- V NL4anW RMIN AVE WIP
1ST.SG.CUt;D]WF 1200.02 -600.9- 68 72 9.8 931.32 524.9 73 72 7.6
1ST.S1M.INETASSY. 1640.56 995.7 71 72 13.3 1570.45 822.6 72 72 13.2
2ND.STG.OCWR.DPF 1801.28 1387 75 -72 14.8 1814.85 1079. 67 72 151
2ND.STG.DIPIF. SSY 3215.56 1184 134 132 48.8 3294.82- 1306 133 132 49.9
2ND.STG.DIhF.ISG. 1956.84 1504 77 72 14.8 2100.84 1426 68 72 17.3
2NlT.caPR;-HXG 2194.13 973.5 68 -72 18.2 2633.31 1659 70 72 21.3
AOCESSCRY CASE 417.32 205.4 134 132 6.3 424.33 183.7 133 132 6.4
8BAMH)P 180 1209.18 405.8 73 72 10.1 1177:12 379.7 71 72 9.6
BAMKSIP 397 696.72 694.7 127 132 10.4 679.13 611 131 132 10.4
"ARI" HSG. 463.1 98.87 73 72 3.8 484.2 113.1 73 72 4
OCmB. cHxfm Ik. 716.3 181.1 73 72 5.9 726.02 183 72 72 6
CU4TISSIR NLET 1653.76 1266 136 132 24.8 1631.65 998.9 123 132 25.1
GI -180 2580.37 323 74 72 21.2 2885.31 353 73- 72 23.8
GM -397 3526.38 278.3- 132 -132 53.3 3598.36 309.5 128 132 54.3
tFATPSI 180 NhLY 767.27 176.2 71 72 6.3 786.09 173.7 71- 72 6.5
MUP$1 397 CNLY 789.21 150.9 135- 132 12 781.88 -160.2 132 132 11.8
1CRUS 'UINE 1065.27 -428.4 76 72 8.5 1040.06 365.5 70 72 8.5

MBINE BR. HSG. 2417.09 2031 132 132 36.2 2721.42 2134 132 132 39.9
1tPBINE N= 180 1880;33- 1336 72" - 72 14.8 1827.6 1403 68 72 15.6
TMPBINE NOZZLE 397 2118.96 1858 131 132 34.6 1903-97 1,7-16 126- 132 2814
WEEL&SHAFTASY. 1965.33 930.9 78 72 16 2003.67 857.2- 74 72 16.3

TWO RUN AVERAGE

I WE FKLrT-TE ST CEV -UNMW NMIN AVEWIP
1ST.Sl;.O:?f1.DH]F 1065.7 562.9 70.5 72.0 8.7
1ST.S'IG.INIrASSY. 1605.5 909.1 71.5 72.0 13.3
2ND.ST.C0M.DIFF 1808.1 1233.1- 71.0 72.0 15.0-
2ND.STG.DIFF.ASSY 3255.2 1245.0 133.5 132.0 49.4
2ND .SIG.DI'F.HSG. 2028.8 1465.2 72.5 72.0 16.1
2NDSTG.CCaR. SG. 2413.7 1316.4 69.0 72.0 19.8
AOMMY CASE 420.8 194.6 133.5 132.0 6.4
BACKSHCP 180 1193.2 392.8 72.0 72.0 9.9
BlAaCSfP 397 -687.9 652.9 129.0 132.0 10.4

.ARINS 149G. 473.7 106.0 73.0 72.0 3.9
WB. GINE I2G. 721.2 182.0 72.5 7210 6.0
Ca7 INLET 1642.7 1132.7 129.5 132.0 25.0

MTPSI 180 CNLY 776.7 174.9 71.0 72.0 6.4
WMTPSI 397 CnLY 785.5 155.5 133.5 132.0 11.9
' IttS 7UMlE 1052.7 397.0 73.0 7210 8:5

MINE WZ. HSG. 2569.3 2082.2 132.0 132.0 38.1
MIPNE NOZZLE 180 1854.0 1369.6 70.0 72.0 15.2

INIPRE NOZZLE 397 2011.5 1787.0 128.5 132.0 31.5
W I %WS17ASSY. 1984.5 894.0 76.0 72.0 16.2

GIE - EXP#2,4

R NIl RtN 12

'IM NNE FUC ThME ST_[EV N CJT NU4 IN AVE WIP FL.OW TIhE ST CEV NUJ4 cur RHtIN AVE WIP
1ST.STG.CUOR.DIEF 990.49 634.7 110 108. 12.1 946.33 571.8 109 108 1 2
ISr.STG.IN=-ASSY. 1450.22 800.2 114 108 17.7 1462.67 768.2 113 108 17.9
2NO.SIG.100R.DIFF 1974.57 1386 106 108 24.3 1828.44 1198 115 108 22.3
2ND.STG.DIFF.ASSY 3376.51 1340 199 198 76.4 3227.34 1225 202 198 73
2ND.SMG.DIEF.HSG. 2324;52 1758 112 108 28.5 2307.29 1477 , 107 -108 27.3
2NDSTG.CCIM.[SG. 2152.22 1235 11 108 27 2281.96 980.9 108 108 28.7
AOCESSCRY CASE 440.56 218.8 200 198 10 448.36 195.7 199 198 10.2
BWKSIKP 180 1359.77 443.9 109 108 16.6 1215.82 442.3 107 108 15. BAKSDZ 397 814.22 798.4 202 198 17.9 714.27 727.1 190 198 16.1
WAR103t H1G. 480.97 -108.8 110 108 5.9 464.88 99.56 109 108- 5.7
Mi3. mniS -m i,2. 743.89 204.7 108 108 9.2 716.51 185.8 107 108 8.8
C~8E= INLET 1668.76 1121 202 198 36.9 1592.68 1085 195 198 36.6
GIE -180- 2491.53 277.7 110 108 30.9 2507.98 282 109 108 31



GIE -397 3463.12 3G9.O 2nr9 198 G7.5XP4 6.48 2695 205 198 74.8
MkTPSI 180 CNLY 917.56 227 108- 108 11.3 854.55 -202 108 108 10.6
WMTPSI 397 ¥LY 928.64 208.5 196 -198 21 839.09 210.7 197 198 19
Tm1R UiBINE 984.05 361.r. 107 108 12 1048.S 355,3 1 'V 108 12.9
M RBIN E .B SO. 2474.34 1661 189 198 57.3 2516.68 1933 205 198 57.3

MURBINE NOZZLE 180 1724.63 1369 109 108 21.5 1995.93 1487 108 108 24
BINE NZZL 397 1786.47 1815 192- 198 40.1 1819.49 1689 196 198 41

WEE1SHAFTASY. 1891.21 705.7 105 408 23.4 1891.48 850.2 111 108 23.6

TWO HUN AVERAGE
7m Nw- FICW TI ST DEV NU iur -W4 IN AV WIP

1ST.SK.CaM.DIFF 968.4 603.2 109.5 108.0 12.1
1ST.SIG. NITASSY. 1456.4 784.2 113.5 108.0 17.8
2ND.ST;.(OMPR.DIFF 1901.5 1292.2 110.5 108.0 23.3
2ND.STG.D]FF.ASSY 3301.9 1282.3 200.5 198.0 74.7
2ND.SG.DIFF.ISG. 2315.9 1617.9 109.5 108.0 27.9
2N[sG.CaOR.HSG. 2217.1 1107.9 110.5- 108.0 27.9
AO CASE 444.5 207.3 199.5 -198.0 10.1
BAC SRP 180 1287.8 443.1 108.0 108.0 15.8
BACKSHOP 397 764.2 762.8 196.0 198.0 17.0
BARING HSG. 472.9 104.2 109.5 108.0 5.8
CXtAS. ,HWER-h. 730.2 195.3 107.5 108.0 9.0
CufRSC-INET 1630.7 1103.2 198.5 198.0 36.8

NMJTSI 180 CNLY 886.1 214.5 108.0 108-0 11 0
MIATPSI 397 CNLY 883.9 209.6 196.5 198.0 20.0
mus urINE 1016.2 358.5 108.5 108.0 12.5
M2INE RG. SG. 2495.5 1797.3 197.0 -198.0 57.3
MINE NOZZLE 180 1860.3 1428.2 108.5 108.0 22.8
MI81NE NOZZLE 397 1803.0 1752.1 194.0 198.0 40.6

WiMISHFITSSY. 1891.3 777.9 108.0 108.0 23.5

GIE - EXP13,4

"1i RUN 12

ITEM1W+E FLCWT]EI STIEV NM 4OJ tMIN AVEWIP InTZ E STDEV NU4OJI a IlIN AVE WIP
1ST.S'TC.CtiR.DIFF 944.18 516.2 144 144 15.4 943.48 513.3 146 144 15.6
MsT.S1T.INLErASSY. 1472.19 848.4 147 144 24.5 1627.74 789.4 138 144 26.9

2ND.SG.C*PR.DIF" 1656.03 1205 139 144 27.7 1657.23 1286 141 144 27.6-
2ND.SIG.DIFF.ASSY 3409.51 1246" 269 '264 102.4 3319.25 1204 263 264 101.1
2ND.STG.DIFF.HSG. 2108.21 1400 149 144 34.4 2067.52 1280 138 144 35.5
2NDSIG.COaFR.HSG. 2460.71 1270 144 144 40.8 2272.39 1203 144 144 36.2
AtCESSMY CASE 445.55 224.5 259 264 13.5 446.77 228.4 267 264 13.4
SACKSICP 180 1311.71 439.4 142 144 21.8 1333.58 478.6 149 144 21.9
BAKS1CIP 397 684.45 659.7 261 264- 21 641.89 678.4 270 264 19.2
BEARING HSG. 480.43 100.7 145 144 7.9 483.77 99.65 143 144 8
COB. UAHB iLm. 713.3 169.1 144 -144 11.8 714.26 167.1 144 144 11.8
CUTESCR INIEr 1702.51 1138 259 264 52.9 1634.13 1138 262 264 49.5
GIE -180 3489.86 587.6 118 144 56.9 3703.78 588.1 114 144 60.5
GIE -397 3545.89 439.4 232 264 108.6 3720.46 506.8 216 264 112.9
MWIPSI 180 CNLY 3315.19 560.4 119 144 54.1 3562.83 535.7 ) i5 144 57.8
WiPSI 397 CNLY 3269.23 548.8 209 264 99.1 3514.35 536.9 214 264 106.1
'RILIS-SIU E 1021.87 355.5 143 144 16.7 971.77 343.6 144 144 16

MUPINE BB. -HSG. 2516.63 2066 266 264 74.2 2527.83 1972 258 264 77.5
INIE NZZLE 180 1826.2 1355 142 144 29.8 1815.24 1259 144 144 30.4

IPNE NOUZZLE 397 1948.23 1906 264 264 56.8 1650.32 1678 271 264 51
HEZL6SHAFTASSY. 1944.08 841 145 144 31.8 1910.31 787.4 138 144 31.6

TWO RUN AVERAG,"
fIl4 WI FLCW TIME ST DeV iI cr RHU IN AVE WIP
1Sr.STG.cOc4'R.DIFF 943.8 514.8 145.0 144.0 15.5
1ST.SIG.INLEASSY. 1550.0 818.9 142.5 144.0 25.7
2ND.S'IG. t'IR.DIF 1656.6 1245.6 140.0 144.0 27.7
2ND.S1G-.DIEF.ASSY 3364.4 1225.0 266.0 264.0 101.8
2ND.S1G.DIFF.LSG. 2087.9 1339:6 143.5 144.0 35.0
2NDSI.Caf1.ILSG. 2366.6 1236.4 144.0 144.0 38.5 2



AO[SSRY CASE 446.2 226.4 263.0o 264.0 G9. XP4SPR
B 2tCSIP 180 1322.6 459.0 145., 144.0 21.9

ACMhCSP 397 663.2 669.1 265.5 '264.0 20.1
W EARIN HSG. 482.1 100.2 1.,:O 144.0 8.0
6B. C Ur,. 7i3.8 168.1 144.0- 144.0 11.8
CaIESSCR INTIE 1568.3 1137.8 260.5 264.0 51.2

HAIPSI 180-CNLY 3439.0 548.1 117.0 144.0 56.0
MPSI 397 CNLY 3391.8 542.8 211.5 264.0 102.6
7t1crm WTrINE 996.8 349.5 143.5 144.0 16.4
Is -m W. HSG. 2522.2 2018.7 262.0 264.0 75.9MIIi NO'ZZIE 180 1820.7 1307.0 143.0 144.0 30.1
MIWE NOZZLE 397 1799.3 1792.1 267.5 264.0 53.9
varLSHFDSSY. 1927.2 814.2 141.5 144.0 31.7

GITE - E." 14,4

vil RUN 82

II4NAME FICW TDIE ST-IEV -URM ? Ji-IN AVEWIP FLOWTIVE ST[IJY LNU4 MIIIN AVE WIP
1ST.SM.OIMPR.DIFF 938.64 600.2 70 72 8 960.73 588-4 71 72 8.1IST.sG.INIErssy. 1582.69 997:1 72 72 13- 1577.4 920 72- 72 12.8
2N).STG.0 R.DIFF 1867.23 1418 75 72 15.1 1855.05 1488 72 72 14.72ND.SIM.DIFF.ASY 3296.2 1276 131 132 50.4 3261.89 1093 135 132 49.92Ni.SMI.DIFF.HSG. 1962.87 1409 74 72 16.1 1999.95 1261 -71 72 16.8
2N=sI.CaPR.HSG. 2193.72 1236 73 72 18.4 2278.52 1074 66 72 18.8
AOMS-SCy CASE 431.04 218.9 132 132 6.5 428.91 205;2 130 132 6.5
BPkSHO 180 1270.06 430.9 74 72 10.4 1228.35 373.1 72 72 10.1BPIMOP 397 652.88 597.1 131 132 9.9 745.02 728.5 129 132 11.1HARIM HSG. 489.03 119.1 71 72 4 492.49 108.2 72 72 4.1-
CCHB. CHNILN. 738.24 213.7 74 72 6.1 763.77 180.3 71 72 6.3O 0R*SSCR-QINIr 1816-76 1157 134 132 26.7 1693.97 1166 130 132 25.6G=E -180 2036.23 318.8 73 72 16.8 2020.86 271.5 74 72 16.6GIE -397 2606.25 317.2 132 132 39.4 2562.44 286.7 135 132 38.8m'psI 180 ONLY 762.75 170.5 72 72 6.3 740.52 168.9 75 72 6;2
MATPSI 397 ONLY 773.88 156.1 132 132 11.7 776.49 164.4 133 132 11.8
TRus I EEI 1016.55 317.6 72 72 8.4 1079.91 412.6 68 72 8.9
MINI-BM. F.SG. 2322-72 1857 129 132 34.7 2239.41 1787 129 -132 35.8
MTBINE N Z E 180 1570.27 1035 69 72 13.3 1803.05 1232 76, 72 14.6
ItNE NOZZLE 397 1928.57 1915 135 132 28.4 1710.67 1731 133 -'32 27.1

WMASHIUATASSY. 2059.91 930.1 73 72 16.8 1975.09 829,8 73 72 16.6

TWO RUN AVERAGE
rIMNME FIC TIHE ST CEV MNM CXI MM IN AVE WIP
1ST.STG.OcOR.DIpF 949.7 594.3 70.5 72.0 8.1
1ST.INIEASSY. 1580.0 958.5 72.0 72.0 12.9
2ND.S'G.0O .D] 1861.1 1453.2 73.5 72.0 14.9
2ND.STG.DIFF.ASSY 3279.0 1184.6 133.0 132.0 50.2-
2ND.SIG.DIFF.HSG. 1981.4 1334.9 72.5 72.0 16.5
2ND=T.ccT.=. -2236.1 1154.8 69.5 72.0 18.6
AXESSCRY CASE 430.0 212.1 131.0 132.0 6.5
BACISF 180 1249.2 402.O 73.0 72.0 10.3

Sic7SHCP 397 699.0 662.8 130.0 132.0 10.5
BEARIM IISG. 490:8 113.6 71.5 72.0 4.1
Wu. avi LW. 751.0 197.0 72.5 72.0 6.2

saR INLET 1755.4 1161.9- 132.0 132.0 26.2

FATPSI 160-CNLY 751.6 169.7 73.5 72.0 6.3
n,7PSI 397 CNLY 775.2 160.3 132.5 132.0 11.8
'IUrzI Im1I 1048.2 3651 70.0 72.0 8.7
1M INE SX. ISG. 2281.1 1822.1 129.0 132.0 35.3O PIE NOZZLE 180 1687.1 1133.6 72.5 72.0 14.0
MR3INE NOZZLE 397 1819.6 1823.0 134.0 132.0 27.8

WEELASHAF'ASSY. 2017.5 880.0 73.0 72.0 16.7

G - E1PI5,4



GTE EXP 4 SPR
F . mlR 82

ITEM WE FIUW TIE ST DEV NLM14i r NM IN A% WIP FIW TIRE STOEV NMC1 W7r KIN AVE Wip
IST.S1TG.CPR.DHF 1017.51 617.5 113 108 12.4 926.14 494 112 108 11.5
1ST.sIG.INIrASSY. 1515.08 704.4 106 108 19;2 1418.01 880.3, 104 108 17.2
2ND .SIG.OP.DIFE 1906.79 1220 113 108 23.8 1701.67 1125 104 108 21.5
2w-.SG.DIEF.ASSy 3295.78 1261 200 198 74.6 3404.52 1289 195 198 77.7
2ND.SIG.DIFT'.KSG. 2086.46 1191 109 108 26.8 1868.93 1274 117 108 22.1
2NDTG.OZItR.HSG. 2429.72 1213 107 108 29.9 2377.22 1483 113 108 28.9
ACCESSCRY CASE 438.78 211.2 199 198 9.9 449.59 200.9 195 198 10.2
BACSIM 180 1218.42 467.3 108 108 15.2 1264 462 113 108 15.7
8CSMP 397 620.33 635.2 198 198 14.2 760.99 715.7 195 198 17.7

.EARIS HG. 472.03 101.5 106 108 5.8 476.36 116.4 105 108 5.9
COMB. CV*43 LM. 719.37 '96.4 109 108 8.9 719.82 178.8 109 108 8.9caimSCNEI 1535.64 1140 203 198 34.4 1716.19 1155 199 198 38.9
GIE -180 2699.71 243.8 108 108 33.4 2632.11 279 114 108 32.4
GIE -397 3572.35 233.5 202 198 80.9 3700.73 250 192 198 83.8WIGPSI 180 0NLY 1019.26 220.7 109 108 12.6 1053.26 210.1 108 108 13

.IPSI 397 CNLY 1014.37 231.2 202 198 23 1038.62 222.2 193 198 23.6IUS 7URBINE 1045.99 413 109 108 12.9 1056.87 393.9 107 108 13.1
MII P1E BG. HSG. 2675.73 2174 207 198 61.8 2623.65 2016 197 198 59.8

'1lIW IZZLE 180 1524.31 -1183 106 108 19.1 1794.91 1412 -110 108 22
'1I iE NOZZLE 397 1861.53 1773 207 198 43.8 1809.96 1772 205- -- 198 39,3"
WE&iMi Msy. 2027.54 928.1 106 108 24.7 1869.94 798.9- 110 108 22.6

TWO RUN AVERAGE
ITEM WE FIN,-TDE ST r W/ NM Cu R4IN AVE WIP
1ST.SIG.0R.DIFF 971.8 555.8 112.5 108.0 12.0

ST.SG.INIETASSY. 1466.5 792.3 105.0 108.0 18.2
2ND.SIG.OD.DIFF 1804.2 1172.6 108.5 108.0 22.7
2ND.SM.DIFF.ASSy 3350.2 1275.1- 197.5 198.0 76.2
2ND.SG.DIFF.HSG. 1977.7 1232.5 113.0 108.0 24.5
2'MIu.OMIR.tLS. 2403.5 1347.9 110.0 108.0 29.4
CESSRY CASE 444.2 206.1 197.0 198.0 10.1

BACFSZIP 180 1241.2 464.7 110.5 108.0 15.5
BtASt)CP 397 690.7 675.5 196.5 198.0 16.0
EAR3 IISG. 474.2 108.9 105.5 108.0 5.9
COMB. 0 E 13. 719.6 187.6 109.0 108.0 8.9
CaMSCR INI l'E 1625.9 1147.2- 201.0 198.0 36.7

MTPSI 180 CNLY 1036.3 215.4 108.5 108.0 12.8
MIPSI 397 CNLY 1026.5 226.7 197.5 198.0 23.3
1UmUS TURBINE 1051.4 403.5 108.0 106.0 13.0
1IUBIE SG. 11SG. 2649.7 2095.4 202.0 198.0 60.8
IUBINE NOZZLE 180 1659.6 1297.6 108.0 108.0 20.6
7tRIBfE NZZLE 397 1835.7 1772.5 206.0 .198.0 41.6
WEESAFrASSY. 1948.7 863.5 108.0 108.0 23.7

GIE - EXP16,4

RJ1 1M 12

lIxN Wl E FLOW TE SrEV W4 Cir M4 IN AVE WIP FLCW TiE Sr Cv air MM IN ME WIP
1ST-SIG-.MR.ODF "  994.7 466.5 145 144 16.7 1010.63 557.7 143 144 16.4
1Sr.St;. IN IASSy. 1518.72 861.5 142 144 25 1618.58 1017 146 144 25.9
2ND•SlG.R.DIpF 1,890.95 1306 145 144 31.8 1654.04 1191 139 144 28.3
2D.SG.DFF.ASSY 3343.98 1174 275 264 99.8 3203.19 1126 275 264 95.9
21.D.S-IG.DI"FF Hs. 2072.52 1364- 141 144 34.1 1981.71 1270 139 144 32.4
2NDS"E.Ca.PR.jsG. 2142.14 1135 148 144 35.2 2298.25 1189 146 144 38,1
ic-:.,Sa:RY CASE 453.76 193.4 261 264 13.7 460.59 205.4 264 264 13.92/Vc-,SDlP 180 1266.03 430.6 145 144 21 1275.01 400.6 -147 144 21.1
V1KSIIP 397 773.11 742.6 269 264 23 770.27 710.2 262 264 24

BEARINO11G. 497.67 114.2 142 144 8.2 484.26 105.6 144 144 8
0cals. aiw Uw. 704.9 206.7 144 144 11.6 722.91 177.1 143 144 11.9C4'PZSa INLET 1662.55 1060 263 264 49.9 1679.09 1269 274 264 49.6G1E -180 4351.02 723.2 107 144 71.2 4071.15 737 105 144 67.5

GIE -397 4345.37 706.1 198 264 132.3 4121.77 696.7 203 264 125.6



MISI 180 CNLY 4199.09 657.7 103 144 C'fT.5XP4§98I2.41 672 99 144 64.5O 0SI 397 aNLY 4145.11 709.7 195 264 125.9 3908.78 688.6 202 264 119
mCUS "'TIlR 1006.56 333 143 144 16.7 1020.65 377 146 144 16.8

1UBIt ERG. 1G. 2650.19 2086 255 264 81.9 2631.91 2216 268 264 80.7
III NZZLE 180 1735.84 1101 149 144 29.4 1621.92 1334 146 144 26
IMIME k_,ZLE 397 1885.34 1695 259 264 60.1 1800.44 1643 259 264 53.6
REEL&SHFnMY. 1925.51 801.9 141 144 32.1 1877.06 801.6 142 144 31.2

TWO RUN AVERAGE
rM4N E FIW TIE ST[CEV NL4Wr 4IN AVEWIP
MT.STG.OWR.DIFF 1002.7 512.1 144.0 144.0 16.6
1sT.SlG.IIE ASSY. 1568.7 939.0 144.0 144.0 25.5
2ND.STG.COR.DITh 1772.5 1248.5 142.0 144.0 30.1
2ND.STG.DIFF.SSY 3273.6 1150.3 275.0 264.0 97.9
2N.SIG.DIF.HSG. 2027.1 1316.8 140.0 144.0 33.3
2N=.CaR.HSG. 2220.2 1162.1 147.0 144.0 36.7
AO=ZMY CASE 457.2 199.4 262.5 264.0 13.8
B , HCP 180 1270.5 415.6 146.0 144.0 21.1
BACStIP 397 771.7 726.4 265.5 264.0 23.5
EARI HSG. 491.0 109.9 143.0 144.0 8.1

S,1B. In I ;. 713.9 191.9 143.5 144.0 11.8
caPRSSCR INIr 1670.8 1164.3 268.5 264.0 49.8

mmiSI 180 CNmY 4065.8 664.8 101.0 144.0 66.4
tPSI 397 CULY 4026.9 699.2 198.5 264.0 122.5
"IU 1I'I E 1013.6 355.0 144.5 144.0 16.8
7tMI1E I . 11SG. 2641.1 2150.6 261.5 264.0 81.3
ItIMDE N3M1E 180 1678.9 1217.2 147.5 144.0 27.7
'ILRBTNE IZZIE 397 1842.9 1669.2 259.0 264.0 56.9
WEEZIS 'TASSY. 1901.3 801.7 141.5 144.0 31.7

GIE - EXPI7,4

v11 R1N 12 -

I7ENMW'E FLOcwTiE STDV c WT mmur IN AvEwIP F1cWTimE STE) Nt4WF UIN AveWiP
1ST.SG.CaR.DFF 1046.05 584 73 72 8.8 1075.47 556.5 73 72 9
1STSIG.INIE'ASSY. 1565.95 1023 71 72 12.7 1551.87 850.5 73 72 12.9
2ND.STG.3CCR.O]F 1602.98 1255 71 72 13 1689.64 978.2 71 72 13.2
2MV.STG.DIFF.A=SY 3344.56 1179 137 132 49.7 3335.3 1304 132 132 50.4
2ND.SG.DIFF.1SG. 2167.98 1313 72 72 17.4 2203.34 1333 77 72 17.7
2NDSCG.OR.SG. 2016.59 979.6 74 72 16.6 2197.35 1286 75 72 17.9
ASaCRY CASE 429.63 204.4 133 132 6.5 421.46 186.9 132 132 6.4
AC2KSIKP 180 1242.74 408 73 72 10.2 1236.72 429.1 73 72 10.3

BWKIKISP 397 772.19 815 131 132 11.7 734.18 689.7 138 132 10.7
EMA I1,SG. 479.36 110.7 75 72 3.9 505.09 97.4 72 72 4.2

O8. Gw4 MG. 755.39 213.8 73 72 6.2 742.77 175.8 71- 72 6.1
Ca4VESSRINiEr 1671.39 1112 130 132 25.4 1569.17 1071 134 132 23.8
GIE -180 2278.58 256.5 73 72 18.8 2339.11 294.8 76 72 19.3
GIE -397 3212.8 312.3 139 132 48.4 3240.97 287.7 131 132 49
MIPSI 180 iNLY 791.81 171.7 72 72 6.5 780.67 194.2 72 72 6.4
WPSI 397 CNLY 795.37 198.1 135 132 12 816.21 188.7 130 132 12.3
Ims I1BIEn 1048.42 412.7 72 72 8.6 1052.3 401.6, 70 72 8.8
fIIE DI. HSG. 2814.93 2066 136 132 41.5 2393.37 1776 136 132 37.1
I.mIwS NOZZIE 180 1967-48 1430 66 72 16.1 1740.33 1394 72 72 14.9
7UBIIE NZZ1E 397 1855.98 1915 131 132 28.5 1825.27 1693 128 132 28.8
WEIASMFIASSY. 1987.35 838.7 70 72 16.1 2105.82 884.7 77 72 17.7

TWO RUN AVERAGE
ImI4 WE FCWD TBE ST ECV MH1 ir IN AW EWI. IST.SG.MVI.DIFF 1060.8 570.2 73.0 72.0 8.9
lST.STG. INMASSY. 1558.9 936.7 72.0 72.0 12.8
2MD.SIG.C:ItrR.DIEF 1646.3 1116.7 71.0 72.0 13.1

211.SIG.DIF.ASSY 3339.9 1241.6 134.5 132.0 50.1-
2&D.SG.DHF.SG. 2185.7 1322.9 74.5 72.0 17.6
2UJSMMn. .msG. 2107.0 1132.7 74.5 72.0 17.3 5



-aSSC: CASE 425,5 195'7 132.5 '122.0 GTg.gXP4SPR!
BACiZ -1239.7 418.6 73.0 72.0. 10.3

BAht 197 753.2 752.4 134.5 132.0 11.2

§AII3 HSG. 492.2 104.1 73.5 72.0 4.1

Ms. If mR ImN. 749.1 194.8 72.0 72.0 6.2
Mei4U&SsM IEr 1620.3 1091.7 132.0- 132.0 24.6

-K.,PSI 180 CamY 786.2 182.9 72.0 72.0 6.5'
MUSI 397 CNLY 805.8 193.4 132.5 132.0 12.2
ICRUS I I 1050.4 407.1 71.0 72.0 8.7

7WBIE BRG. 115G. 2604.2 1921.1 136.0 132.0 39.3
BRBE NLE 180 1853.9 1412.2 69.0 72.0 15.5

7WM- IMZ!Z 397 1840.6 1804.1 129.5 132.0 28.7

-HEES"AFIA7SSY. 2046.6 861.7 73.5 72.0 16.9

GIE - EXP'8,4

rilJ I -12

1IEM t FLW TRE ST CEV N111 WY KM IN AVE WIP F10'ITDhE ST LCEV -14 a lM IN AVE WjP

IST.S1C.M'PR.DIFF 962.11 546 109 108 12.1 886.01 413.7 108 108 11

1ST.SG.INIMASSY. 1572.1 853.6 106 108 19.5 1401.18 820.8 106 108 17.8
2ND.SM-.O.DIFF 1819.94 1385 111 108 22 1664.69 1240 109 108 20.4

2ND.S11.DIPF.ASSY 3321.73 1105 200 198 74.7 3305.01 1183 196 198 74.7
2ND.SIG.DIF.HSG. 1700.08- 1340 104 108 22.3 2204.51 1657 109 108 26

2NDS7G.CCWR.[1SG. 2334.75 1315 106 108 29.5 2370.27 1030 106 108 29.3
AOMS.CASE 429.25 198.9 196 198 9.8 456.69 205.1 201 198 10.3

B2 P 180 1299.81 455.8 109 108 16.1 1216.32 446.2 108 108 15.1

BACIMc 397 712.5 696.3 200 198 16.6 768.69 739.2 198 198 -18.1
MMING MG. 484.81 99.81 104 108 6 496.49 108 108 108 6.1

aZ13. CAMER LM. 713.16 187.7 108 108 8.8 729.3 174 107 108 9
IESSa RRr 1586.78 1147 198 198 36.1 1827.45 1189 188 198 40.9

GIE -180 2713.82 365.7 92 108 34 2818.88 463 91 108 35.2
GIE -397 2998.73 309.8 192 198 68 3071.75 346 182 198 69.9
MUsI 180 CNLY 2450.65 451.3 91 108 30.8 2651.35 451.8 88 108 33.1
MIPSI 397 CNLY 2478.55 438.6 167 198 56 2721.25 506.3 168 198 61

-tm5 U1MlE 998.27 391.9 108 108 12.3 1062.1 350.3 108 108 13.2

1MHI MG. hSG. 2568.99 2081 186 198 58.7 2542.33 1975 193 198 58.3
iPIM NZZIE.180 1900.34 1634 114 108 23.1 1799.69 1305 111 108 21.2

'1UMINE ZE 397 1841.91 1927 197 198 42.3 2030.96 1899 204 198 46.4

IHUE-SI"TASSY. 1884.39 815.4 110 108 23.2 1887.78 799.7 113 108 23.6

iWO RUN AVERAGE
mT WE FW TiE srEV tM4 Wr " IN AVE WIP

IST.SIC.O1R.DfFF 924.1 479.8 108.5 108.0 11.6
lST.SIG.INEASS. 1486.6 837.2 106.0 108.0 18.7
2ND.S-LG.0P. D1EF. 1742.3 1312.3 110.0 109.0 21.2

2?O.STG.DIF.ASSY 3313.4 1143.8 19.0 198.0 74.7 -6;71

2ND.SMI.DIFF.11. 1952.3 1498.6 106.5 108.0 24.2

2?WSM.OUPR.SG. 2352.5 1172.7 106.0 108.0 29.4

pmst Y CASE 443.0 202.0 198s.5 198.0 10.1

BQOcISP 180 1258.1 451.0 108.5 108.0 15.6
,IC(ICEP 397 740.6 717.7 199.0 198.0 17.4

MARM ; S1G. 490.7 103.9 106.0 108.0 6.1
CC". O17vR Wr.. 721.2 180.8 107.5 108.0 8.9
m YSSR U INIEF 1707.1 1168.0 193.0 198.0 38.5

wrtPSr 180 amiy 2551.0 451.6 89.5 108.0 32.0
nT1PSI 397 QLY 2599.9 472.4 167.5 198.0 58.5
"UCIS TJF43IE 1030.2 371.1 108.0 108.0 12.8
1UmBItz S1. HsG. 2555.7 2028,1 189.5 198.0 58.5
7mI8EE MZE I180 1850.0 1463,4 112.5 108.0 22.2
'IBIIE Z=Z1E 397 1936.4 1912; 200.5 198.0 44.4-

VIF&-_lb&TASS. 1886.1 8075 111.5 108.0 23.4 6



GTE EXP4SPR

GE - E:X19,4

muI1 ful 12

Tlfl4 MS ~ FIM-ME sr -'-9W4C~- 1414 I AS WI1P FlW TIDE S-1 CJ Mi UT Vur-24 IN ME WWP
1ST.S1G.O:*M.DIFF 995.08 605.9 144 144 16.6 1079.57 589.6 14G 144 17.4
1ST.S3G,1INLE7SSY. 1559.96 865.7 147 144 25.5 1589.38 926.4 147 144 26
2!D.Sl.PR.D'Fh 1603.81 1308 143 144 26.3 1715-15 1257 140 144 27.9
2ND.STG.DFF.ASSY 3248.37 1158 255 264 97.2 3367.46 -1118 270 264 101.4
2.S1G.DI'F.PG. 1991.08 1421 142 144 33.9 2046.1 1467 137 -144 33.6
22DS .HSG. 2206.75 1176 152 144 36.1 2461.56 1197 141 144 40
* pCES.OY CASE 444.72 207.3 265 264 -3.5 452.85 212.3 259 264 13.8

ocssm 180 1269.84 450- 145 144 20.8 1303.32 442.9 144 144 21.5
BS-a'" 397 -699.28 683.2 260 264 21.9 648.48 677.3 264 264 194
EARNS HSG. 499.78 107.4 148 144 8.3 484.7 109.4 143 144 8

034B. a4N.M UG. 717.45 164.2 142 144 11.8 739.27 181.4 143- 144 12.2
02ESz= INLET 1648.64- 1157 263 264 48.9 1603.69 1016 258 264 49
GTE -180 5630.4 981.4- 96 -144 91.9 5268.99 861.6 96 144 87.9
GE -397 5524.66 956.8 165 264 168.1 5325.01 399.2 174 264 161.6
W"aSI 180 C0TY 5275.54 977.6 96 144 87 4922.74 828.7 95- 144 62.9

-1r-PSI 397 amT.: 5292.23 956.4 170 264 159.4 5077.45 866.7 171 264 152.8
TCFW :MUE 1008.05 355.5 144 144 16.6- 1046.19 423.4 143- 144- 17.3
1.RBIE SM. HSG. 2502.56 2242 252 264 77.5 2626.13 2071 259 264 78.7
"IMU NOML ISO- 1613.59 1219 145 144 27.6 1859.78 1388 139 144 30.5
ItM1lE IZZLE 397 1838.08 1805 250 264 60.7 1752.12 1720 262 264 57.1
WN SW'MASSY. 1959.67 794.6 143 144 33.1 2026.55 819 147 144 33.5

TWO RUN AVERAGE
flai IW FIM 1SF S1 Mv I' cur IM4 IN A S I-P
1ST.CG.R.D]HF 1037.3 -597.7 145.0 144.0 17.0
1ST.S1iG. 21ETASSY. 1574.7 896.0 147.0 144.0 25.8
ZO.S'L'G.C .DI"F 1659.5 1297.6 141-5 144.0 27.1
2?D.S-iG.DIF rF.SSY 3307.9 1137.7 262.5 264.0 99.3
ZD.SG.D"F.HSG. 2018.6- 1444.1- 139.5 144.0 33.8
2tUSIG .03-ER.;. 2334.2 -1186.5 146.5 144.0 38.1
ICtS OSP. 448.8 209.8 262.0 -264.0 13.7
WCEvSI 180 1286.6 446.4 144.5 144.0 21.2
BPCI3K 397 673,9 680.2 262.0 264.0 20.7
FuRI MG. 492.2 108.4 145.5 144.0 8.2

0243. aWB LM;. 728.4 172.8 142.5 144.0 12.0
MITE INIM- 1626.2 1086.5 260.5 264.0 49.0

-"Psi 180 QLY 5099.1 903.1 95.5 144.0 85.0
M-PSI 397 M"IY 5184.8 911.6 170.5 264.0 156.1

"M iu ,E 1027.1 389.5 143.5 144.0 17.0
ILUIZ;E3. M.G. 2564.3 2156.7 255.5 264.0- 78.1
",IwE ML 180 ;:33.7 1303.6 142.0 144.0 29.1
1MIJ tM2.LS 397 1795.1 1762.4 256.0 264.0 58.9
w[.,FT-SS1AY. 1993.1 806.8 145.0 144.0 33.3
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EXPERIMENTATION RESULTS

The following section describes the results shown by examining the inputs to and the
outputs from experimentation:

BEARING HOUSING - Moving the bearing housing in-house makes sense because of
the large amount of time the parts sit in backshops-waiting to be worked. Moving the
work in house can remove most of the waiting time since the part is now most worked
tinder 'TE control. The ,osults effect flowtimes of the bearing housing, but not the
overall GNE flow times because other subassemblies have longer flowtimes.

INDUCTIONS - Inducting the GTEs at the beginning of the month adds about 4 days to
the flowtime, since there is a large number of GTEs at once waiting for disassembly
[but excluding the time spent waiting for subassemblies, processing flowtime
increases by about 40%]. It is better to spread theinductions over the course of the
month. Weekly inductions would ease the strain on inducting large numbers at the
beginning of the month.

MANPrOWER - Manpcwer was reduced for in-house personnel in building 329. While
the 1L.,, reduction showed little effect, a 20% reduction shows an effe.t. Mainly the
incoming inspectors are affected, since they are the highest utilized in the model.

WORKLOAD - increasing the workload by 50% has little effect, but increasing it by
100% has a large effect. Again, the incoming inspectors are they bottleneck. If the
workload were to increase above 50%, either the inspectors will have to inspect faster
or their number should be increased. It appears from the historical data that personnel
in the MATPNC area do much of the inspection of the parts anyway. If the workload
were to increase, PNC may be able to formally share in the inspection of the parts.

REJECT RATE - Decreasing the reject rate improves the model flowtimes. The effect is
small because the most of the flowtime for a GTE is spent waiting [in the model] for its
subcomponents. While the effect in the model is small, the effect on the GTE
production process would be large because of the-scrambling that occurs at the end of
every month to meet the monthly production goals.

WORK IN PROCESS - Finished subcomponents were put into the model to show the
effect of overinducting GTEs so that a "good" part can be stripped off a GTE in order to
put on a GTE that is almost ready to be sold. The cffect is to reduce the overall flowtime
for a GTE, but to increase the overall number of subcomponents in the model. When
over-induction occurs over a large period of time, a large amount of work in process
occurs.

SUMMARY

Much of the effects from experimentation were obscured by the fact-that most of the
flowtime for a subcomponent is spent sitting idle. Less than 5% of the time is needed
for processing. Most of the idle time is spent in 'backsl ops that GTE has no control
over. The historical data suggests that the excessive flowtimes are due to a lack of

J0a



coordination arising from a part travelling all over the base to many different
backshops rather-than waiting for busy equipment or manpower. Since the backshops
service a large number of customers [often with the GTE workload a small part of their
entire workload], they have little incentive-to produce the needed parts in a timely
matter.

Moving the work in-house to the GTE area would provide GTE control over the process
and would reduce the subassembly flowtimes drastically [an estimated reduction of
60-85%]. Most of the large current WIP would not be needed to support monthly
production and over-inductions in order to meet production goals would not be
needed if the work was performed in-house in building 329.

If the manpower and machines currently being used in the backshops were to be
transferred to GTEs, the only additional cost would be the moving cost. As much of the
work as possible should be moved in house. An informal JIT-pull system currently
exists [supervisors try to "pull" critical parts out of the backshop], but a more formal one
could be set up if more of the work were to performed in-house.

An automated part tracking system would greatly aid in the management of the in-
house work, since problem areas could be identified quickly [areas where critical parts
are waiting] and management would have the ability to resolve the problems. For the
same reasons an automated part tracking system would greatly aid in the
management of the current in-house work.

Currently inductions are such that a large number of GTEs are disassembled at the
beginning of the month, and a large number are assembled and sold at the end of the
month. This results in manpower and equipment that is highly utilized-part of the time
and idle the much of the time. Inducting GTEs on a weekly schedule and selling them
on a weekly schedule would smooth the demand on resources and increase
production [rather than being idle due to a lack of work at the beginning of the month,
personnel could be working on selling GTEs.

Smoothing inductions and sells, bring work in-house and adding an automated part
tracking system could increase GTE production by 20-30% and quality by 40%.



Data from "GTE -180 BRG HSG"
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Data from "GTE 180 INDUJCTIONS"C
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Data from "GTE-i 80 FLOATINGj-STOCK"
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Data from "GTE-180 MANPOWER"
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* Data from "GTE-180- REJECT RATE"
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Data from '!GTE-18O WORKLOAD"
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Data -from "GTE-397 FLOATING-STOCK"
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Data-from "GTE-397 INDUCTIONS"
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Data from "GTE-397- MANPOWER"
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Data from'"GTE-397-REJECT-RATE"
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Data from "GTE-397 WORKLOAD"
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DESCRIPTION OF EXPERIMENT

Title-of Experiment:
TO 15 GTE-180 WORK IN FtROCESS (L4)

Goal/Objective:
ESTIMATE EFFECTS OF CHANGES IN GTE REPAIR PROCESS

Procedure:
EXPERI;,FNTS CONDUCTED USING THE UDOS 20 SIMULATION MODEL

Standard Orthogonal Array Model Used: L4-2-3

Col. Label Description of factor Level 1 Level 2 Level 3 Level 4

1 1 BEARING HSG LOCATION AS IS BLDG 329
2 2 INDUC iON SCHEDULES AS IS MONTHLY
3 3 INTERACTION 1X2 1 2

EXPERIMENT RESULTS [9 Trial(s) per Experiment I

Experiment #1 : 25 33 57 19 37
69 23 34 88

........... ...................... ....... ...... ..... ... ...... ... ........... . .. . .. o.....°° ......... ................... ......................................... .........

Experiment #2: 25 36 58 18 35
70 24 36 93

............................ .........°°.°....°.°°....... ........ ..... .............°.....°. ...... ...... °. .° . ....... . .... ........................... ...... ........ .. ...... ....... ...

Experiment #3: 21 31 54 17 31
66 20 34 88

.... ................................ ,.... ..................... .. =....o°°. .... ...... °..°°. . ....... ..................................... =.............................................Experiment #4: 23 31 59 17 33

69 19 35 90
°......°o ........ ... °........... °o.. ...... °o. °... o...... °..... ....... °....... o..................... ............. ....... ... .. °.. .. °. ........ °.. °.. °.... ...



°° . . . . . . . .. o. o; °,. ,; A . . . . . . . . . . . . . . . . ° .... ,,, .......... . .......... -- -- -- -

ANALYSIS OF VAR I-AT1i_6N

Factor Df Sums of Variance F-Ratio -Pure Sum P(%)
Squares of Sqs.

1 1 49 49 .08 0 0 %
2 1 16 16 .03 0 0 %
3 1 .4 .4 0 0- 0 %
e 32 19083.6 596.4 19149 100 %

Total 35 19149 1CO.00 %

[Note: Insignificant factors are pooled .and indicated by parenthesis.]

TO 15 GTE-1 80 WORK IN PROCESS (L4)
Number of experiments = 36 Correction Factor = 64009
Sum (experiment values) = 1518 Sum of-sqs (experiment values) = 19149

0



RESPONSE TABLE

Factor: 1 2 3
LEVEL 1 780 747 761
LEVEL 2 73R 771- 757

RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 43.3 41.5 42.3
LEVEL 2 41 42.8 42.1

..: .................................................................................. ............................

MAIN EFFECTS ANALYSIS

TO 15 GTE-180 WORK IN PROCESS (L4)-

Quality Characteristic: ... the-smaller the better ...

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 41
INDUCTION SCHEDULES AS IS 1- 41-.5

INTERACTION 1X2 2 2 42.1

Total Contribution from significant factors = 124.6
Average Total for all results = 4-2.2
Estimate of average result (optimum) = 40.3

01



S/N -RATI T10 A B:-LEF

Experiment S/N'R Rat io (db)-
1 -33.7
2 -33.9
3 -33.3-
4 -3.6

TO 15-GTE-1 80 WORK IN PROCESS,(L-4)



SIN ANALYSIS OF VARIATION

Factor Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1- 1 .1 .1 -- .1 52.57 %
2 1 .1 .1 - - .1 46.91 %
3 1 .001 .001 - - .001 .52 %
e 0 0 -- 0 0 %

Total 3 .2 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-180 WORK IN PROCESS (L4)
Number of experiments = 4 Correction Factor = 4524
Sum (experiment values) = -134.5 Sum of sqs (experiment values) = .2



SIN RE S P-O N SE 'T A B-L E

Factor: 1 2 3
LEVEL 1 -67.6 -67 -67.3
LEVEL 2 -66.9 -67.6 -67.2

SIN RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 -33.8 -33.5 -33.6
LEVEL 2 -33.5 -33.8 -33.6

SIN MAIN EFFECTS ANALYSIS

TO 15 GTE-i 80 WORK IN PROCESS (L4)

Quality Characteristic; ... the smaller the better.

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 -33.5
INDUCTION SCHEDULES AS IS 1 -33.5
INTERACTION 1 X2 2 2 -33.6

Total Contribution from significant factors = -100.6
Average Total for all results = -33.6
Estimate of average result (optimum) = -33.3

9



DESCRIPTION OF EXPERIMENT

Title of Experiment:
TO 15 GTE-397 WORK IN PROCESS (L4)

Goal/Objective:
ESTIMATE EFFECTS OF CHANGES IN GTE REPAIR PROCESS

Procedure:
EXPERIMENTS CONDUCTED USING THE UDOS 2.0 SIMULATION MODEL

Standard Orthogonal Array Model Used: L4-2-3

Col. Label Description of factor Level 1 Level 2 Level 3 Level 4

1 1 BEARING HSG LOCATION AS IS BLDG 329
2 2 INDUCTION SCHEDULES AS IS MONTHLY
3 3 INTERACTION 1X2 1 2

EXPERIMENT RESULTS [9 Trial(s) per Experiment I

Experiment #1 : 53 76 108 37 80
129 46 69 161

Experiment #2: 54 75 108 38 79
131 48 71 170

..xp...........n ................ ........................ ........................ ......................... ........................ ........................ ..............
Experiment .# 3: 5 4 75 102 38 81

124 49 70 160

Experiment #4: 54 77 111 39 82
129 49 69 165

631



:ANALYSIS OF VAR-IATION
Factor Df' Sums-of Variance F-Ratio Pure Sum P(%)

Squares of-Sqs.

1 1 .7 .7 -0 0 0 %
2 1 38 38 .02 0 0 %
3 1 1.4 1.4 0 0 0/%
e 32 54108.9 1690.9 54149 100 %

Total 35 ' 54149 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-397 WORK IN PROCESS (L4)
Number of experiments = 36 Correction Factor = 260270
Sum (experiment values) = 3061 Sum of sqs (experiment values) = 54149

0



RESPONSE TABLE

Factor: 1 2 3
LEVEL 1 1533 1512 1534
LEVEL 2 1528 1549 1527

RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 85.2 84 85.2
LEVEL 2 84.9 86.1 84.8

MAIN EFFECTS ANALYSIS

TO 15 GTE-397 WORK IN PROCESS (L4)

Quality Characteristic: ... the smaller the better ...
---------------------- ------- ; .... .... ........ ...............-- --..... ............ .... ... .... ............ .......

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 84.9
INDUCTION SCHEDULES AS IS 1 84

INTERACTION 1X2 2 2 84.8

Total Contribution from significant factors = 253.7
Average Total for all results = 8 5
Estimate of average result (optimum)-= 83.6

63 3



SIN RA TIO TA BLE

Experiment SIN Ratio- (db)-
1 -39.3
2 -39.6
3 -39.2-
4 -39.5

TO 15 GTE-397 WORK IN PROCESS (L4)



S/N ANALYSIS OF VAR IA-TION

Factor Df Sums of' Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 1 .007 .007 - .007 10.4 %
2 1 .1 .1 - .1 87.33 %
3 1 .002 .002 - - .002 2.27 %
e 0 0 - 0 0 %

Total 3 .1 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-397 WORK IN PROCESS (L4)
Number of experiments = 4 Correction Factor - 6212.6
Sum (experiment values) = -157.6 Sum of sqs (experiment values) = .1

635



S/N RE S PO N S E T-AB L-E

Factor: 1 2 3
LEVEL 1 -78.9 -78.6 -78.9
LEVEL 2 -78.7 -79.1 -78.8

S/N RESPONSE TABLE (AVERAGES)

Factor: 1 '2 3
LEVEL 1 -39.5 -39.3 -39.4
LEVEL 2 -39.4 -39.5 -39.4

S/N MAIN EFFECTS ANALYSIS

TO 15 GTE-397 WORK IN PROCESS (L4)

Quality Characteristic: ... the smaller the better ...

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 -39.4
INDUCTION SCHEDULES AS IS 1 -39.3
INTERACTION 1X2 2 2 -3 9.4

Total Contribution from significant factors = -118.1
Average Total for all results = -39.4
Estimate of average result (optimum) = -39.3

6 3-



EXPERIMENT RESULTS [9 Trial(s) per Experiment -

TITLE: TO 15 GTE -397-FLOWTIME (L4)

Experiment #1 : 3500 3296 3518 2466 3481
4210 3021 3009 5285

Experiment #2: 3597 3290 3523 2541 3472
4293 31-49 3117 5575

Experiment #3: 3539 3275 3319 2537 3511

4041 32-18 3024 5315

Experiment #4: 3562 3385 3633 2584 3637
4234 3227 3035 5425

• .7..0................ .... .... ... .... ... 0. ........ .... ... ... ........ ...... ... .......... ... ............. .... 0. .... ..... . ..... .............

63O



DESCRIPTION OF EXPERIMENT

" Title of Experiment:
TO 15 GTE -397 FLOWTIME (L4)

Standard Orthogonal Array Model Used:-L4-2-3

Col. Label Description of factor -Level 1 L-evel 2 -Level 3 -Level-4

1 1 BEARING HSG LOCATION AS IS BLDG 329
2 2 INDUCTION SCHEDULES AS IS MONTHLY MONTHLY
3 3 INTERACTION 1X2 1 2

EXPERIMENT RESULTS [9 Trial(s) per Experiment

Experiment #1 : 3500 3296 3518 2466 3481
4210 3021 3009 5285

Experiment- #2: 3597 3290 3523 2541 3472
4293 3149 3117 5575

°°=..°°°.°. .-... #°°.3.....°. o 9......... ...... .. ........... ....... 3°..9...°° ....... °...... .5.o°7 .... o°............. .5.11................................ .°

-Experiment #3: 3539 3275 3319 2537 3511

4041 3218 3024 5315

Experiment- #4: 3562 3385 3633 2584 3637
4234 3227 3035 5425

O do3g



ANALYSIS 0i VARIATION
-------------------------------------------------------------------------------------
Factor Df Sums of Variance F-Ratio Pure Sum P(%)

Squares of Sqs.

1 1 693.4 693.4 0 0 0 %
2 1 81605.4 81605.4 .12 0 0 %
3 1 821.8 821.8 0 0 0 %
e 32 21476495.3 671140.5 21559616 100 %

Total 35 21559616 100.00 %

(Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE -397 FLOWTIME (L4)
Number of experiments = 36 Correction Factor = 461132676
Sum (experiment values) = 128844 Sum of sqs (experiment values) = 21559616



RESPONSE TABLE

Factor: 1 -2
LEVEL 1 64343 63565 64,508
LEVEL 2 64501 65279 64336

RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 3574.6 3531.4 3583.8
LEVEL 2 3583.4 3626.8 3574.2
..................................................... .... .. ....................... .... ..... ..... ..... .......

MAIN EFFECTS ANALYSIS
. .... ......... ........ ...... ............................... ....... ..... ..... ....... . .. .... ....... o.... ....

TO 15 GTE--397 FLOWTIME (L4)

Quality Characteristic: ... the smaller the better ...
. o ........ ........... Q.......... ..... ..... . -----------------------------------------------------------

Significant .Factors . . Optimum Settings Level # Contribution

BEARING HSG LOCATION AS IS 1 3574.6
INDUCTION SCHEDULES AS IS MONTHLY 1 3531.4
INTERACTION 1X2 2 2 3574.2

Total Contribution from significant factors = 10680.2
Average Total for all results- = 3579
Estimate of average result (optimum) = 3522.2



S/N R-ATIO0 TABLE

Experiment S/N Ratio (db)-
1 --71.20
2 -71.4
3 -71.1
4 771.4-

TO 15 GTE -397 FLOWTIME-(L4)



S/N -ANALYS:S OF V'ARIATiON

Factor Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 1 0 0 -- 0 0 %
2 1 .1 .1 - .1 99.63 %
3 1- 0 0 - - 0 .37
e 0 0 -- 0 0 %

Total 3 .1 100.00 %
....... .... .............. . . . ....-------------------------------. ,..---------........-.---.......-..---....---...

[Note: Insignificant factors- are pooled and indicated by parenthesis.]

TO 15 GTE -397 FLOWTIME (L4)
Number of experiments = 4 Correction Factor = 20318.8
Sum (experiment values) = -285.1 Sum of sqs (experiment values) = .1



S/N RESPONSE TABLE

Factor: 1 2 3
LEVEL 1 -142.5 -142.3 -142.6
LEVEL 2 -142.5 -142.8 -142.5

S/N RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 -71.3 -71.2 -71.3
LEVEL 2 -71.3 -71.4 -71.3

S/N MAIN EFFECTS ANALYSIS

TO 15 GTE -397 FLOWTIME (L4)

Quality Characteristic: ... the smaller the better ...

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 -71.3
INDUCTION SCHEDULES AS IS MONTHLY 1 -71.2
INTERACTION 1X2 2 2 -71.3

Total Contribution from -significant factors = -213.8
Average Total for all results = -71.3
Estimate of average result (optimum) -71.2

e 413



EXPERIMEN'T RESULTS [9 Trial(s)- per Experiment ]------------------.-- - ---------------------- vi.. .. . . . -----------. ; .... ..... - -------- ------. -.. -..--..... ....-..-....

TITLE: TO,15 GTE-180 FLOWTIME (L4)

Experiment #1 : 3049 2673 3389 2317 2979
4111 2865 2694 5289

Experiment #2-: 3051 2908 3 569 21-82 2790
4277 2932 2904 5'735

• Experiment #3: 2659 2512 3240 2128 2467
3969 2477 2709 5286

.:' Experiment #4: 2733 2500 35-7 2029 2666
4211 2309 2766 5450

................................ ................................................O. ........



DESCRIPTION OF -EXPERIMENT

Title of Experiment:
TO 15 GTE-180-FLOWTIME (L4)

Standard Orthogonal Array Model Used: L4-2-3

Col. Label Description of factor Level 1 Level-2 Level 3 Level 4

1 1 BEARING HSG LOCATION AS IS BLDG 329
2 2 INDUCTION SCHEDULES AS IS MONTHLY
3 3 INTERACTION 1X2 1 2

EXPERIMENT RESULTS [9 Trial(s) per Experiment

Experiment #1-: 3049 2673 3389 2317 2979
-4-111 2865 2694 5289

Experiment #2: 3051 2908 3569 2182 2790
4277 2932 2-904 5735

Experiment #3: 2659 2512 3240 2128 2467
3969 2477 2709 5286

Experiment #4: 2733 2500 3597 2029 2666
421-1 2309 2766 5450

......................................................................................... O.......



ANALYSIS OF VARIATIO-N

Factor Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 1 445778.8 445778.8 .43 0 0 %
2 1 89600.4 89600.4 .09 0 0 %
3 1- 784 784 0 0 0 %
e 32 33132613.8 1035394.2 33668777 100 %

Total 35 33668777 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-180 FLOWTIME (L4)
Number of experiments = 36 Correction Factor = 370062169
Sum (experiment values) = 115422 Sum of sqs -(experiment values) = 33668777

0

0



RESPONSE TABLE
Factor: 1 2 3 

"
LEVEl 59714 56813 57627
LEVEI. 2 55708 5 8609 57795

RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 3317.4 3156.3 3201.5
LEVEL 2 3094.9 3256.1 3210.8

MAIN EFFECTS ANALYSIS

TO 15 GTE-180 FLOWTIME (L4)

Quality Characteristic: ... the smaller the better ...

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG 329 2 3094.9
INDUCTION SCHEDULES AS IS 1 3156.3-
INTERACTION 1X2 1 1 3201.5

Total Contribution from significant factors = 9452.7
Average Total for all-results = 3206.2
Estimate of average result (optimum) = 3040.4



S/N- RATIO0 T AB L-E

Experiment -S/N Ratio -(db),
1 -70.6-
2- -70.9
3 -70.1'
4 -70.4

TO 15 GTE-i180 FLOWTIME (L4)



S/N ANALYSIS OF VARIATION

Factor Df Sums of -Variance F-Ratio Pure Sum P
Squares -of Sqs.

1 1 .3 .3 -- .3 70:54 %
2 1 .1 .1' - - .1 29.27 %
3 1 .001 .001 - - .001 .18 %
e 0 0 - , 0 0 %

Total 3 .4 100.00 %

[Note: Insignificant factors are pooled-and-indicated by parenthesis.]

TO-15 GTE-180 FLOWTIME (L4)
Number of experiments = 4 Correction- Factor = 19873.8
Sum (experiment- values) = -281.9 Sum of sqs- (experiment values) = .4

0

!0



S/N R E S PO N SE TAB L E

Factor: 1 2 3
LEVEL 1 -141.5 -140.6 -140.9
LEVEL 2 -140.5 -141.3 -1-41

S/N RESPONSE TABLE (AVERAGES)

Factor: 1 2 3
LEVEL 1 -70.7 -70.3 -70.5
LEVEL 2 -70.2 -70.7 -70.5

S/N MAIN EFFECTS ANALYSIS

TO 15 GTE-180 FLOWTIME (L4)

Quality Characteristic: ... the smaller the-better ...

Significant Factors Optimum Settings Level # Contribution

BEARING HSG LOCATION BLDG-329 2 -70.2
INDUCTION SCHEDULES AS IS 1 -70.3
INTERACTION 1X2 1 1 -70.5

Total Contribution from significant factors = -211
Average Total for all results = -70.5
Estimate of average result (optimum) = -70

averag



EXPERIMENT RESULTS [ 4 Trial(s) per Experiment ]

TITLE: TO 15 GTE-180 (L9)
--------------------------------------------------- w

Trial # 1 Trial # 2 Trial # 3 Trial # 4

Experiment #1 : 3049 3051 2659 2733

Experiment #2: 2673 2908 2512 2500

Experiment #3: 3389 3569 3240 3597

Experiment #4: 2317 2182 2128 2029

Experiment #5: 2979 2790 2467 2666

Experiment #6: 4111 4-277 3969 4211

Experiment A 7: 2865 2932 2477 2309

Experiment #8: 2694 2904 2709 2766

Experiment #9: 5289 5735 5286 - 5450
.......................................................................................................................................................................................

b7



DESCRIPTION OF EXPERIMENT

Title of Experiment:
TO 15 GTE-180 (L9)

Goal/Objective:
EVALUATE THE EFFECTS OF CHANGES IN THE GTE REPAIR PROCESS

Procedure:
EXPERIMENTS CONDUCTED USING THE UDOS 2.0 SIMULATION MODEL

Standard Orthogonal Array Model Used: L9-3-4-

Col. Label Description of factor Level 1 Level 2 Level 3 Level 4

1 1 MANPOWER AS IS -10% -20%
2 2 WORKLOAD AS IS +50% +100%
3 3 REJECTION RATE AS-IS -12% 0%
4 4 FLOATING STOCK (WIP) AS IS +10% +30%

EXPERIMENT RESULTS [4 Trial(s) per Experiment ]
.--- ..........................................................................................................

Trial # 1 Trial # 2 Trial # 3 Trial # 4

Expariment # 1: 3049 3051 2659 2733

Experiment #2: 2673 2908 2512 2500
.... ........................................................................... ....... .°...=°o.=°°........ o= °° =.•°o°= ° .° . . ................. ..... .... ............. ..... ............

Experiment #3: 3389 3569 3240 3597

Experiment #4: 2317 2182 2128 2029

Experiment #5: 2979 2790 2467 2666
............................................ .........°ooo°==.=..... ........................ ........ .................... ....... ..-....... ..°..°...°.... o-.• .................. •o°- °°.....

Experiment #6: 4111 4277 3969 4211

Experiment #7: 2865 2932 2477 2309
. ... ............ ................ ............ .. °°°....,=o.... •=.•...............o.•..... ... ..............°..° ..... °.o .... ...................... ... .... .............. ...... ° ..... .....

Experiment #8: 2694 2904 2709 2766
.. pr........e. ..... #9 528957355..........................2............. . ................... 4....5.........0..... ..................................................................
Experiment #9: 5289 5735 5286 5450_

.................................... °,.,.... ....oo°°=°.°..... ......oo., o° .°o ..... ............ ................... ....... ......... . .... o ......... ................... ................

G5A,



ANALYSIS OF VARIATION

Factor Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 2 3055442 1527721 41.7 2982170.4 8.86 %
2 2 23427507.2 11713753.6 319.74 23354235.6 69.36 %
3 2 1421845.2 710922.6 19.41 1348573.6 4.01 %
4 2 4774816.7 2387408.3 65.17 4701545.1 13:96 %
e 27 989166 36635.8 1282252.2 3.81 %

Total 35 33668777 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-180 (1-9)
Number of experiments = 36 Correction Factor = 370062169
Sum (experiment values) = 115422 Sum of sqs (experiment values) = 33668777

6.53



R E-SP Q'N SE TAB13LIE

Facti,,- 1 2 3 4
LEVL 135880 30731 39133 44154
LEVEL 2 3 6 12 6 32568 4-1009 37744
LEVEL 3 43416 52123 35280 33524

RESPON-SE TABLE (AVERAGES)

Fac tor: 1 2 3- 4
LEVEL 1 2990 211560.9 3261A1 3679.5
-LEVEL 2 3010.5 2714 3417.4 3145.3
LEVEL 3 3618 4343.6 2940 2793.7

MAIN EFFECTS ANALYSIS

TO 15 GTE-180 (L9)

Quality Charact.-1stic: .. the-,snualler the better..

Significant Factors Optimum -Settings Level # Contribution

MANPOWF;1 AS IS 1 -2996
VVORKLOAL) AS IS 1 2560.9
REJECTION RATE 0%6/ 3- 2940
FLOATING STOCK (WIP) +30% 3 2793.7

-Toial Contribution ftom significant factors =11 284.6
Average Total for all esults = 3206.2
-Estimate of -average result (optimum) 15 36 6.1



S/N RA-TIO- TA BL-E

Experiment S/N-Ratio--(db)
1 -69-.2-

2 -68.5
3 -10-.8
4 -66.7
5 -68.7
6 -7 2. 3
7 -68.5-
8 -68.8-
9 -74.7

TO 15 GTE-i180 (L9)

5



S/N' ANA-LYSISo OF VARIATI;ON

Factor -Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 2 3.5 1.8 - - 3.5 7:62 %
2 2 35.8 17.9 - - 35.8 76.08 %
3 2 1.1 .5 - - 1.1 2.29 %
4 ' 2 6.6 3.3 - - 6.6 14.11 %
e 0 0 -- 0 0 %

Total 8 4 7 100.00 %
......--- -- w.. .. . . .. . .................................... ..... ---------- ...........---..............-----...

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-180,(L9)
Number of experiments = 9 Correction Factor = 43858.1-
Sum (experiment values) = -628.3 Sum of sqs (experiment values) = 47



S/N. RESPONSE TABLE

Factor: 1 2 3 4
LEVEL 1 -208.4 -204.4 -21 0.4 -212.6
LEVEL 2 -207.8 -206.1 -209.9 -209.3
LEVEL 3 -212.1 -217.8 -208 -206.3

S/N RESPONSE TABLE (AVERAGES)

Factor: 1 2 3 4
LEVEL 1 -69.5 -68.1 -70.1 -70.9
LEVEL 2 -69.3 -68.7 -70 -69.8
LEVEL 3 -70.7 -72.6 -69.3 -68.8

S/N MAIN EFFECTS ANALYSIS

TO 15 GTE-180 (L9)

Quality Characteristic: ... the smaller the better ...

Significant Factors Optimum Settings- Level # Contribution

MANPOWER -10% 2 -69.3
WORKLOAD AS-IS 1 -68.1
REJECTION RATE 0% 3 -69.3
FLOATING STOCK (WIP) +30% 3 -68.8

Total Contribution from- significant factors = -275.5
Average Total for- all results = -69.8
Estimate of average result (optir.lum) = -66.1



DESC-RIPTION OF EXPERI MENT

Title of Experiment:
TO 15 GTE-397 (L9) FLOWTIM

Goal/Objective:
EVALUATE THE EFFECTS OF CHANGES IN THE GTE REPAIR PROCESS-

Procedure:
EXPERIMENTS CONDUCTED USING THE UDOS 2.0 SIMULATION MODEL

Standard Orthogonal Array Model Used: L9-3-4

Col. Label Description of factor Level 1 Level[2 Level 3 Level 4

1 1 MANPOWER AS IS -10% -20%
2 2 WORKLOAD AS IS +50% +100%
3 3 REJECT RATE AS IS 12% 0%
4 4 FLOATING STOCK (WIP) AS IS +10% +30%

EXPERIMENT RESULTS [4 Trial(s) per Experiment ]

Trial # 1 Trial # 2 Trial # 3 Trial # 4

Experiment #1 : 3500 3597 3539 3562

Experiment #2: 3296 3290 3275 3385

Experiment #3: 3518 3523 3319 3633

Experiment #4: 2466 2541 2537 2584

Experiment #5: 3481 3472 3511 3637

Experiment #6: 4210 4293 4041 4234

Experiment #7: 3021 3149 3218 3227

Experiment #8: 3009 3117 3024 3035

Experiment #9: 5285 5575 5315 5425
, ,....=..,..°,....= ......=•............,...=.......................,.....° .• .= ....o......= ......................=....................°...............=. ... = •, =. = ... = ... • .. ,,...,. == = ......... w. ........
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A N'AIYSIS OF VARIATION

Factor Df Sums of Variance F-Ratio Pure Sum P(%)
Squares of Sqs.

1 2 1497242.2 748621.1 96.59 1481740.7 6.87 %
2 2 11378836.2 5689418.1 734.05 11363334.7 52.71 %
3 2 763597.2 381798.6 49.26 748095.7 3;47 %
4 2 7710670.5 3855335.3 497.42 7695169 35.69 %
e 27 209270 7750.7 271275.9 1.26 %

Total 35 21559616 100.00 %

[Note: Insignificant factors-ate pooled and-indicated by parenthesis.]

TO 15 GTE-397 (L9) FLOWTIM
Number of experiments = 36 Correction Factor = 461132676
Sum (experiment values) = 128844 Sum- of sqs (experiment values) = 21559616

0



-RES-PO SE TABLE

Factor: 1 2 -3 4
LEVEL 1 41437 36941 43161 49899
LEVEL 2 41007 39532 44974 42639
-LEVEL 3 46400 52371 40709 36306
................................... --- ---- ---------.. . . . . . . . . . . . ---- - .. . .. . .. .-- - -- - -- - .. . . . ;" -----------

RESPONSE TABLE (AVERAGES)

Factor: 1 2 3 4
LEVEL 1 3453.1 3078.4 3596.8 4158.3
LEVEL 2 3417.3 3294.3 3747.8 3553.3
LEVEL 3 3866.7 4364.3 3392.4 3025.5

MAIN EFFECTS ANALYSIS

TO 15-GTE-397 (L9) FLOWTIM

Quality Characteristic: ... tho smaller the. better

Significant Factors Optimum Settings Level # Contribution

MANPOWER -10% 2 3417.3
WORLOAD AS IS 1 3078.4
REJECT RATE 0% 3 3392.4
FLOATING STOCK (WIP) +30% 3 3025.5

Total Contribution from significant factors = 12913.6
Average Total for all results-= 3579
Estimate of average result (optimum) = 21;-76.6
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SIN RATIO TABLE

-Experiment S/N Ratio (db)
1- -71
2 -70.4
3. -70.9
4 -68.1
5 -70.9
6- -72.5
7 -70
8 -69.7
9- -74.6

TO 15-GTE-d67-(L9) FLOWTIM



-.-. --.-. -' -. . -.. . . . .. . . . .- --------- - - " -.....- -- .. "- ........... - - ' -° - - - - -" -* - - . .- -. .- .. . .. . .- --- ----- - " . . .- -----

S/N A-NALYS IS OF VAR-I:4T.TO'N'

: Factor Df -Sums of Variance F-Ratio Pure Sum P(%)
Squares: of Sqs.

1 2 1.4 .7 -- 1.4 5.24 %
2- 2 14.7 7.3 - - 14.7 54.21 %
3 2 .4 .2 - .4 1.43 %
4 2 10.6 5.3 - 10.6 39.12 %
e 0 0 -0- %

Total 8 27.1 100.00 %

[Note: Insignificant factors are pooled and indicated by parenthesis.]

TO 15 GTE-397 (L9)-FLOWTIM
Number of experiments = 9 Correction Factor ' 45236.1
Sum (experiment values) - -638.1 Sum of sqs (experiment values) = 27.1



SIN RESPONSE TABLE

Factor: 1 2 3 4
LEVEL 1 -212.3 -209.A m213.1 -216.6
LEVEL 2 -211.5 -211 -213.1 -212.8
LEVEL 3 -214.3 -218 -211.8 -208.6

S/N RESPONSE TABLE (AVERAGES)

Factor: 1 2 3 4
LEVEL 1 -70.8 -69.7 -71 -72.2
LEVEL 2 -70.5 -70.3 -71 -70.9
LEVEL 3 -71.4 -72.7 -70.6 -69.5

S/N MAIN EFFECTS ANALYSIS

TO 15 GTE-397 (L9) FLOWrIM
Quality Characteristic: ... the smaller the-better ...

Significant Factors Optimum Settings Level # Contribution

MANPOVER -10% 2 -70.5-
W L-AD AS IS 1 -69.7
REJECTRATE 0% 3 -70.6
FLOATING STOCK (WIP)- +30% 3 -69.5

Total Contribution from -significant factors = -280.3
Average Total for all results = -70.9
Estimate of average rb:ult (optimum) = -67.6
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CME - &Zv-MMTfCNl RM 1

R 11 RJN 12

m It.E FLW TDE ST ELV Cr( Nw H IN AVE WIP FLOW ME STICV UK= L IN AE WI
1ST.SG.aPR.DUF 1026.91 547.3 65 70 7.9 1013.12 639.8 72 71 7.9
1sT.S' G.an ASSY. 1645.85 -883.3 74 70 12.8 1582.92 867 69 71 12.7
2M.STG. F.D]FF 1737.46 1025 65 70 13.2 1770.99 1239 70 71 14
2.ND.SG.DIF7.ASSY 3070.46 1185 133 130 46 3313.44 1099 122 131 50.4
2ZD.S3"G.DIE?.HSG. 1968.46 1276 66 70 15.4 1864.8 1189 71 71 15.1
24lSG.C(tR.[ZG. 2382.71 1157 70 70 19.1 2473.19 1302 71 71 20.3
ACCESSCRY OISE 449.52 197.1 133 130 6.7 428.39 169.1 131 131 6.4
BtMHs" 180 1376.96 483.4 71 70 10.6 1363.62 416.7 70 71 11
2IXJP 397 688.23 747 128 130 10.4 748.57 976 131 131 11.2
EFARIMN SG. 512.38 109.5 67 70 3.9 508.26 110 70 71 4.1
C. CPA@% UG. 735.32 169.9 66 70 5.6 732.45 178.1 71 71 5.9
CUAFZSSC INIEr 1645.91 1199 127 130 24.2 1646.73 1017 122 131 24.1
GI -180 2089.64 309.1- 69 72 16.5 2065.85 323.7 73 72 16.8
GIS -397 2308.69 154.1 132 132 34.5 2490.67 209 122 132 37.9
r'aPSI 180 CULY 787.92 148.4 64 70 6 736.74 141 71 71 5.9

wTPSI 397 CLY 739.67 146.7 130 130 11.1 729.64 161.3 130 131 10.9
T 'I,.GDE 1052.5 433.6 68 70 8.1 1023.23 436. 74 71 8.2
2UMBIZ . HSG. 26' .23 1942 127 130 39.9 2405.84 1930 133 131 36.7
'1. ElE D=Z Z - 180 1846.83 1350 - 68- 70 -13.2 1515.78 990.9 69 71 12.7
-IN.t NZZ1E 397 1748.43 1541 128 130 26.5 1777.44 1566 138 131 24.7

2179.01 775.4 73 70 16.8 1893.21 740.6 74 71 15.4

TM RUN AVERAGE
IMUM IqLE FLCW TDE Sr LV U(M CUT MjH M AS W

IST.S-G.OCt-M.DU-E 1020.0 593.6 68.5 70.5 7.9
lST.S-G.= S.TSSY. 1614.4 875.2- 71.5 70.5 12.8
ZD.STLG.ClP.R.DR'F 1754.2 1132.2 67.5 70.5 13.6
2O.SIG.DEF.ASSY 3192.0 1141.7 127.5 130.5 48.2

* Zl.S-G.DFc.1sG. 1916.6 1232.6 68.5 70.5 15.3
-3. R.HSG. 2428.0-1229.5 70.5 70.5 19.7

AOMSMY ME 439.0 183.1 132.0 130.5 6.6
2^,,.P' 180 1370.3 450.0 70.5 70.5 10.8
W0.M 397 718.4 861.5 129.5 130.5 10.8
E.A.IIS HSG. 510.3 109.7 68.5 70.5 4.0
W3. a-. %=" IM. 733.9 174.0 68.5 70.5 5.8
0=S NUE' 1646.3 1108.0 124.5 130.5 24.2
GIM -180 2077.7 316.4 71.0 72.0 16.7
GMM -397 2399.7 181.6 127.0 132.0 36.2
WE-SI 180 aLY 762.3 144.7 67.5 70.5 6.0
.ITrtI 397 QLY 734.7 154.0 130.0 130.5 11.0
lawI,. 1037.9 434.8 71.0 70.5 8.2

-MG3II -. hISG. 2533.5-1936.4 130.0 130.5 38.3
l-itIZ_ 3ZL 180 1681.3 1170.3 68.5 70.5 13.0
ESIIE NOMIE 397 1763.0 1553.7 133.0 130.5 25.6
MEZ ..HAISSY. 2036.1 758.0 73.5 70.5 16.1



• ~GE - CCIR,'TiCN 9W 2

I7M14 ME FY W TIBE ST EEII Nm T air "IN AVE WP IM TIRE ST E-V 914 Cir t14 IN AVE WIP
1ST.STIG.Mt4.DBF 98186 501.3 68 70 7.4 1036.99 471.9 73 71 8.5
1ST.SIG..RUM=. 1489.22 739.7 70 70 12.1 1694.17 620.7 71 71 13.7
2D.STG.CtXR.D t' 1588.01 1120 73 -70 12.5 1559.95 1188 71 71 12.5
2M.SG.DFF.SSY 3389.75 1149 124 130 50.5 -3103.89 1067 130 131 46.7-
2M.STG.DIFF.ESG. 2054.71 1345 70 70 15.8 1754.1 1194 66 71 14.9
JS1.CR.SG. 2267.36 1052 78 70 17.2 2292.78- 1094 66 71 19.1
CSSY CASE 419.07 193.3 133 130 6.2 446.37 194.2 133 131 6.7

EAcS!M 180 1198.45 404.1 68 70 9.2 1252.81 425.8 70 71 10.2
EPr-<SI 397 814.3 875 134 130 11.3 637.32 663.7 132 131 9.3
MAP= hG. 480.46 109.3 65 70 3.7 488.75 105.8 71 71 3.9
(CVS. QV.M IA%. 714.69 199.9 68 70 5.5 708.3 148.3 70 71 5.7
O l lsCR 1676.96 1061 129 130 25 1519.67- -919.7 130 131 22.9
GLE -180 1856.02 378 78 72 14.5 1923.33 278.3 65 72 15.8
GEI -397 2556.47 180.5 121 132 38.2 2312.09 184.6 130 132 35
.r'91S 180 aNhY 700.63 123.9 66 70 5.4 767.68 165.9 73 71 6.1
WAZ'PSI 397 amY 759.49 152.1 131 130 11.3 768.22- 174.4 132 131 11.4
TCKS IM 1026.29 392.6 66 - 70 7.8 - 1070.95 368.9- - 70. - 71 8.7
IBIW_ ER. 15G. 2462.4 2013 136 130 34.7 2295.17 1906 133 131 39.2
'LURE lE 180 1568.48 1314 72 70 12.3 1868.97 1361 70 71 15.2

RMU 1XV-12E 397 1703.52 1599 142 130 25.5 1946.85 2023 123 131 28.8
. 1851,37 691.2 67 70 14.5 1922.63 788.9 74 71 15.4

TWO RUN AVERAGE
1711 r!%E -rim~ -LE -sr mv WiH ar IN AYE WIV
1ST G.OX R.D -  1009.4 486.6 70.5 70.5 8.0
1ST.SIG. 3E3ASSY.. 1591.7 780.2 70.5 70.5 12.9

.G.0lR.D-F 1574.0 1154.1 72.0 70.5 12.5

-,D.SM..DZ.ASSY 3246.8 1108.1 127.0 130.5 48.6
ZD.SG.D'FA.G. 1904.4 -1269.8 68.0 70.5 15.4
ZZSIG.. ZfR.M. 2280.1 1072.7 72.0 70.5 18.2
;C=SY CAM 432.7 193.8 133.0 130.5 6.5
2i.a-xC 180 1225.6 415.0 69.0 70.5 9.7
S, 3P 397 725.8 769.4 133.0 130.5 10.3
E 'RiR MG. 484.6 107.5 68.0 70.5 3.8
ca. A%--- L%. 711.5 174.1 69.0 70.5 5.6

V I _ l 1598.3 990.4 129.5 130.5 24.0
GE -leo 1889.7 328.2 71.5 72.0 15.2
GIE -397 2434.3 182.5 125.5 132.0 36.6
,%.-WS 180 a Y 734.2 144.9 69.5 70.5 5.8
%7-PSl 397 ChY 763.9 163.3 131.5 130.5 11.4

1048.6 380.8 68.0 70.5 8.3
'IMIE E. 1-3G. 2378.8 1959.4 134.5 130.5 37.0
MlaE W=z 180 1718.7 1337.3 71.0 70.5 13.8

EP*IE N=lE 397 1825.2 1810.9 132.5 130.5 27.2
UI- &S.FA"ASY. 1887.0 740.0 70.5 70.5 15.0
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397 KTS FY 90

A B -C D
I KIT Date S/N Total Time Sold Date-
2 10/20/89 P30924 0 10/20/89
3 5/23/90 P30481- 1 5/24/90
4 3/14/90 P30403 -- 2 3/16/90
5 8/20/90 P30875 2 8/22/90
6 2/26/90 P30935 2 2/28/90
7 5/2/90 P31496 2 5/4/90
8 10/2;89 P31482 3 10/5/89
9 10/2/89 P30010 4 10/6/89-

1 0 10/2/89 P30503 - 4 10/6/89
11 1 0/24/89 P30627 4 10/28/89
1 2 8/15/90 P30832 4 -8/19/90
13 4/9/90 .P31445 4 4/13/90
14 3/12/90 P31498 4 3/16/90
15 8/11/90 P24505 5 8/1 6/90
16 7/24/90 P30390 5 7/31/90
1 7 1 0/23/89 P30520 5 10/28/89
1 8 1 0/14/89 P30083 6 10/25/89
1 9 1 0/18/89 P30641- -6 10/24/89

120 3/13/90 P30850 6 3/19/90
21 5/24/90 P30981 6 5/30/90
22 10/5/89 P31065 6 10/17/89
23 10/20/89 P31147 6 10/26/89
24 8/20/90 P30196 7 8/27/90
25 7/24/90 P30355 7 7/31/90
26 10/24/89 P30531 -7 10/31/89
27 4/3/90 P30588 7 3/10/90
28 10/23/89 P30662 7 10/30/89
29 7/24/90 P30764 7 7/31/90-
30 4/11/90 P31047 7 4/18/90

-31 10/24/89 P31330 7 10/31/89
32 1/2/90 P31459 -7 1/9/90
33 10/5/89 P19713 8 10/13/89
-34 2/20/90 P30488 8 2/28/90
35 3/12/90 P30591 8 3/20/90
36 2/20/90 P30720 8 2/28/90
37 2/20/90 P30'720 8 2/28/90_
38 2/26/90 P30733 8 3/6/90
39 10/17189 P19761 9 10/26/89
40 11/21/89 P30403 9 11/30/89
41 5/21/90 P30422 9 5/30/90
42 1/2/90 P30480 9 1/11/90
43 3/7/90 P31400 9 3/16/90
44 10/2/89 P31460 9 10/11/89
45 5/22/90 P31464 9 5/31/90
46 3/1/90 P19753 10 4/11/90
47 10/3/89 P30335 10 10/13/89

Page 1



397 KTS FY 90

A B C D-"
48 4/24/90 P30965 1-0 5/4190-
49 4/20/90 P30972 10 4/30/90
50 4/23/90 P31064 10 5/3/90
51 11/20/89 P31088 10 11/30/90
52 5/25/90 P31326 10 6/4/90
53-1 10/27/89 P31142 11 11/7/89
54 2/12/90 P31209 11 2/23/90
55 11/16/89 P31284 11 11/27/89
56 3/1/90 P31333 11 3/12/90
57 10/12/89 P30193 12 10/24/89
58 11115/89 P30223 12 11/27/89
59 5/25/90 P30378 12 6/6/90
60 211/90 P30413 12 2/13/90-
61 11/1-5/89 P30122 13 11/28/89
62 5/24/90 P30285 13 6/6/90
63 10/24/89 P30290 13 11/6/89
64 11/17/89 P30644 13 11/30/89
65 4/4/90 P31373 13 4/17/90
66 5/21/90 P30447 14 6/4/90
67 2/1/90 P30453 14 2/15/90
68 11/16/89 P30932 14 11/30/89
69 2/20/90 P19720 15 3/7/90
70 7/5/90 P30320 15 7/20/90
71 5/9/90 P30636 15 5/24/90
72 11/30/89 P30777 15 12/15/89-
73 1/4/90 P30994 15 1/19/90
74 11/15/89 P31138 15 11/30/89
75 3/26/90 P19737 16 4/11/90
76 10/30/89 P30183 16 11/15/89
77 7/14/90 P30461 16 7,30/90
78 7/26/90 P31343 16 8/11/90
79 12/19/89 P30199 17 1/5/90
80 10/31/89 P30393 17 11/17/89
81 7/14/90 P30545 17 7/31/90
82 11/28/89 P30633 17 12/15/89
83 1/2/90 P31146 17 1/19/90
84 1/2/90 P31511 17 1/19/90
85 11/30/89 P30218 18 12/18/89
86 1/4/90 P30227 18 1/22/90
87 1/11/90 P30058 19 1/30/90
88 4/16/90 P30302 19 5/3/90
89 2/2/90 P31334 19 2/21/90
90 4/11/90 P31512 19 4/30/90
91 5/9/90 P30031 20 5/29190
92 4-125/90 P30318 20 5/15/90
93 2/1/90 P30433 20 2/21/90
94 11/7/89 P31291 20 11/27/89

Page 2
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397 KTS FY 90

A B -c D
95 11/21/90 P31302 20 12/11/89
96 12/19/89 P31380 20 1/9/90-
97 11/8/89 P31463 20 11/28/89
98 1/5/90 P31480 20 1/25/90
99 1/9/90 P30167 21 1/30/90
100 1/9/90 -P30375 21 1/30/90
101 12/6/89 P30995 21 12/2-7/89
102 12/19/89 P31129 21 1/9/90
103 4/24/90 P31423 21 5/15/90
104 11/6/89 P31431 21 11/27/89
105 12/5/90 P30570 22 12/27/89
106 12/6/89- -P30601 22 12/28/89
107 12/20/89 P19782 23 1/12/90-
108 4/22/90 P31266 24 .5/21/90
109 8/23/90 P30893 25 9/17/90
110 5/25/90- P30982 25 6/19/90
111 4/25/90 P30691 26 5/21/90
112 2/2/90 P31169 26 2/28/90
113 8/23/90 P31216 26 9/18/90
114 4/27/90 P31224 26 5/23/90
115 2/1/90 P30255 27 2128/90
116 4/3/90 P31325 27 4/30/90
117 5/25/90 P30949 28 6/22/90
118 12/11/89 P30610 30 1/10/90
1-19 10/26/89 P30525 35 11/3189
120 1/4/90 P31114 36 2/9/90
121 11/20/89 P31196 -37 12/27/89
122 5/25/90 P30695 56 7/20/90

k 123 5122/90 P31102 70 7/31/90
D, 124 10/17/89 P31003 75 12/28/89
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39TKTS FY 90

A- B- C D 0
1 KIT Date S/N I Total Time Sold -Date
2 10/20/89 P30924-: 0 10/20/89
3 --5/23/90 P30481 1 5/24/90
4 3/14/90- P30403 2 3/16/90
5 8/20/90 P30875 2 8/22/90
6 2/26/90 P30935 2 2/28/90
7 5/2/90 P31496- 2 5/4/90
8 -10/2/89 P31482- 3 10/5/89
9 -10/2/89 P30010 4 10/6/89
10 10/2/89 P30503 4 10/6/89
11 10/24/89 P30627- 4 10/28/89
1 2 8/15/90 _ P30832 4 8/1 9/90
13 4/9/90 P31445 4 4/13/90
14 -3/12/90 P31498 -4 3/1-6/90
15 8/11/90 P24505- 5 8/16/90
16 7/24/90 P30390 5 7/31/90
17 10/23/89 P30520 5 10/28/89
1 9 10/14/89 P30083 6- 1 0/25/89
1 9 10/18/89 P30641 6 1 0/24/89
20 -3/13/90 P30850 6 3/19/90
21 5/24/90 P30981 6 5/30/90
-22 10/5/89 P31065 6- 10/17/89
23 10/20/89 P31147 6 10/26/89
241 8/20/90 P30196 7 8/27/90
25 7/24/90 P30355 7 7/31/90
26 10/24/89 P30531 7 10/31/89
27 4/3/90 P30588 7 3/10/90
28 10/23/89 P30662 7 10/30/89
29 7/24/90 P30764- 7 7/31/90
30 4/11/90 P31047 7 4/1-8/90
31- 10/24/89 P31330 7- 10/31/89
32 1/2/90 P31459 7 1/9/901
33 10/5/89 P19713 8 10/13/89
-34 2/20/90 P30488 , 8 2/28/90
35 3/12/90 P30591' 8 3/20/90
36 2/20/90 P30720 8 2/28/90
37- 2/20/90 -P30720 8 2/28/90
38 2/26/90 P30733 8 -3/6/90
39 10/17/89 P19761 9 10/26/89
40- 11/21/89 P30403 9 11/30/89
41 5/21/90 P30422 9 5/30/90

42 1/2/90 P30480 9 1/1!.0 -

43 3/7/90 P31400 9 3/16/90
44 10/2/89 P31460 9 10/11/89
45 5/22/90 P31464 9 5/31/90
46 3/1/90 P19753 "10 4/11/90
47- 10/3/89 1 P30335 10 10/13/89
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397 KTSFY 90

SA I B C D-
48 4/24/90 -P30965 10 -5/4/90
49 4/20/90 j P30972 10 4;30/90
50 4/23/90 P31064 10 -5/3/90

m51 11/20/89 P31088 10 11/30/90
52- 5/25/90 P31326 10 6/4/90
53 10/27/89- P31142 11 -11/7/89
-54 2/1 2/90 P31209 11 2/23/90
-55 11/16/89 P31284 11 _ 11127/89
-56 3/1-/90 P31333 -11 3/12190
57 10/12/89 P30193 12 1_/24189
58 11/15/89 P30223 12 11/27/89
59 5/25/90 P30378 I 12 6/6/90
60 2/1/90 P30413 12 -2/13/90
61 11/15/89 P30122 -13 "11/28/89-
62 5/24/90 P30285 13 616/90
63 10/24/89- P30290 13 11/6/89
64 11/17/89 P30644 13 11/30/89-
65 4/4/90 P31373 13 4/17/90
66 -5/21/90 P30447 14 6/4/90.
67 2/1/90 -P30453 14 2/15/90
-68 11/16/89 P30932 14 1-1/30/89
69 2/20/90 P19720 15 3/7/90
70. 7/5/90 P30320 s15 7/20/90
711 5/9/90 P30636 1-5 5/24/90

-:72 11/30/89 P30777 i15 12/15/89
73 1/4/90 P30994 _15 1/19/90
74 11/15/89 P31138 15 11/30/89
75 3/26/90 P19737 16 4/11/90
76 10/30/89 P30183 16 11/15/89
77 7/14/90 P30461 16 -7/30/90
78 7/26/90 P31343 16 8/11/90
79 12/19/89 P30199 17 1/5/90
801 10/31/89 P30393 17 11/17/89
81 7/1-4/90 P30545 17 7/31/90
8 2 11/28/89 P30633 17 1-2/15/89
:83 1/2/90 P31146 17 1/19/90
84 1/2/90 P31511 17 1/19/90
-85 11/30/89 * P30218 18 12/18/89
86 1/4/90 P30227 18 1/22/90
87 1/11/90 P30058 19 1/30/90
88 4/16/90- P30302 19 5/3/90
89 2/2/90 P31334 19 2/21/90
90 4/11/90 P31512 19 4/30/90
91 5/9/90 P30031 20 5/29/90
92 4/25/90 P30318 20 5/15/90
93 2/1/90 P30433 20 2/21/90
94 1"1/7/89 P31291 20 11/27/89
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397-KTS FY 90

A B C - [D
95 11/21/90 P31302 20 12/11/89
96 12/19/89 P31380 20 14/9/90
97 11/8/89 P31463 • 20 11728/89
98 1/5/90 P31480 20 - 1/25190
99 1/9/90 P30167 1 21 1/30/90

1O0 1/9/90 P30375 21 1/30/90
101 12/6/89 P30995 21 12/27/89
102 12/19/89 P31129 21 1/9/90
103 4/24/90 P31423 21 5/15/90
104 1-1/6189 P31431 21 11/27/89
105 12/5/90 P30570 22 12/27/89
106 12/6/89 P30601 22 12/28/89
107 12/20/89 P19782 23 1/12/90
108 4/22/90 1 P31266 24 5/21/90
109 8/23/90 I P30893 25 9/17/90
110 5/25/90 P30982 25 6/19/90
111 4/25/90 P30691 26 5/21/90
112 2/2/90 P31169 26 2/28/90
113 8/23/90 P31216 26 9/18/90
114 4/27/90 P31224 26 5/23/9-0--
115 2/1/90 P30255 27 2/28/90
116 4/3/90 P31325 27 4/30/90
117 5/25190 P30949 28 6/22190
118 12/11/89 P30610 30 1/10/90
119 10/26/89 P30525 35 11/3/89
120 1/4/90 P31114 36 2/9/90
121 11/20/89 P31196 37 12/27/89
122 5/25/90 P30695 56 7/20/90
123 5/22/90 P31102 I 70 7/31/90
124 10/17/89 P31003 1 75 12/28/89
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397 KTS FY 90

A B C D
A KIT Date SIN Total Time I Sold Date
2 10/5189 P19713 8 10/13/89
3 2/20/90 P19720 1 15 3/7/90
4 3126/90 P19737 16 4/11/90-
5 3/1/90 P19753 10 4/11/90
6 10/17/89 P19761 9 10/26/89
7 12/20/89 P19782 23 1/12/90
8 8/11/90 P24505 5 8/16/90
9 10/2/89 P30010 4 10/6/89

10 5/9/90 P30031 20 5/29/90
11 1/11/90 P30058 19 1/30/90
12 10/14/89 P30083 6 10/25/89
13 11/15/89 -P30122 13 11/28/89
14 1/9/90 _P30167 21 1/30/90
15 10/30/89 P30183 16 11/15/89
16 10/1-2/89 P30193 12 10/24/89
17 8/20/90 P30196 7 8/27/90
18 -12/19/89 P30199 I- 17 1/5/90
19 11/30/89 P30218 18 12/18/89
20 11115/89 P30223 12 11/27/89
21 1/4/90 P30227 18 1/22/90
22 2/1/90 P30255 27 • 2/28/90
-23 5/24/90 P30285 13 616/90
24 10/24/89 P30290 I 13 11/6/89
25 4/16/90 P30302 19 5/3/90
26 4/25/90 -P30318 20 5/15/90
27 7/5/90 P30320 15 7/20/90
28 10/3/89 P30335 10 10/13/89
29 7/24/90 P30355 7 -7/31/90
30 1/9/90 P30375 1 21 1/30/90
31 5/25/90 P30378 12 6/6/90
32 7/24/90 P30390 5 7/31/90
33 10/31/89 P30393 17 11/17/89
34 3/14/90 P30403 2 3/16/90
35 11/21189 P30403 9 11/30/89-
36 2/1/90 P30413 12 2/13/90

-37 5/21/90 P30422 9 5/30/90
--38 2/1/90 P30433 20 2/21/90
-39 5/21/90 P30447 14 6/4/90
40 2/1/90 P30453 14 2/15/90

-41 7/14/90 P30461 16 I 7/30/90
42 1 2/90 P30480 9 1/11/90
43 5/23/90 P30481 1 5/24/90
44 2/20/90 P30488 8 2/28/90
45 10/2/89 P30503 4 10/6/89

*46 10/23/89 P30520 5 10/28/89
47 10/26/89 P30525 '35 -11/3189
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397- KTS FY 90

-A ( B Lc D
48 10/24/89 P30531 7 4 10/31/89
491 -7/14/90 jP30545- 17 7/31/90
50 12/5/90 I P30570 - 22 12/27/89
51 4/3/90 P30588 7 3/10/90
52 3/12/90 P30591 18 3/20/90
53 12/6/89 P30601 22 12/28/89
54, 12/11/89 P3061 0 30 1/10/90
551 10/24/89 P30627 4 10/28/89.
56 11/28/89 P30633 17 12/15/89
57 5/9/90 -P30636 15 5/24/90
58 10/1-8/89 1P30641 6 10/24/89

-59 11/17/89 P30644 I 13 j11 /30f89
60 10/23/89 P30662 7 I10/30/89
61-j 4/25/90 P30691 j 26 j5/21/90
62 5/25/90 P30695 I 56 I7/20/90__
63 2/20/90 P30720 -8 2/28/90
64 2120/90 P30720 -8- 2128/90
65 2/26/90 P30733 8 3/6/90
66 7/24/90 P30764 -7 7/31/90
67 11/30189 P30777 15 I12/15/89
68 8/15/90 P30832 -4 j8/19/90
69 3/13/90 P30850 1 6 I 3/19/90-
70 8/20/90 P30875 2 8/22/90
71 8/23/90- P30893 -25 9/17/90
72 10/20/89 P30924 0 10/20/89
73 11_/16/89 P30932 14 11/30/89
74 2/26190. P30935 2 2/28/90
75 5/25/90 j P30949 28 6/22/90
76 4/24/90 P30965 10 5/4/90
77 4/20/90 P30972 10 4/30/90
78 5124/90 P30981 I 6 5/30/90
79 5/25/90 P30982 25 6/19/90
80 1/4/90 P30994 15 1/19/90

-81 12/6189 P30995 21 12/27/89
82 10/17/89 P31003 j 75 j 12/28/89
83 -4/11/90 P31047 7 4/18/90
84 4/23/90 P31064 1-0 5/3/90

185 10/5/89 P31065 6 10/17189
86 11/20/89 P31088 10 11/30/90
87 5/22/90 P31102 70 7/31/90
88 1/4/90 P31114 36 2/9190
89 12/19/89 P31129 21 1/9/90
90 11/15/89 P31138 15 11/W1/89
91 10/27/89 P31142 11 I 11/7/89
92 1/2/90 'P31146 17 1/19/90
93 10/20/89 P31147 6 10126/89
94 2/2/90 P31169 26 2/28/901



397 KTS FY 90

A B c D
95 11/20/89 P31196 37 12/27189
96 2/12/90 P31209 11 2/23/90
97 8/23/90 P31216 26 -9/18/90
98 4/27/90 P31224 26 5123/90
99 4/22/90 P31266 24 5/21190
100 11/16/89 P31284 11 11/27/89
101 11/7/89 P31291 120 11/27/89
102 11/21/90 P31302 20 12/11/89
103 413/90 P31325 27 4/30/90
104 5/25/90 P31326 1-0 6/4/90
10510/24/89 P31330 ! 7 10/31/89
106 3/1/90 P31333 11 3112/90
107 2/2/90 P31334 19 2/21/90
108 7/26/90 P31343 1 - 16 8/11/90_
109 4/4/90 t P31373 13 4/17/90
110 12/19/89 1 P31380 20 1/9/90
111 3/7/90 P31400 9 3/16/90
112 4/24/90 P31423 21 5/15/90
113 11/6/89 P31431 21 11/27/89

114 4/9/90 I P31445 ' 4 4/13/90
115 1/2/90 I P31459 7 1/9/90
116 10/2/89 P31460 9 10/111/89
117 11/8/89 P31463 20 11/28/89
1181 5122/90 1P31464 1 9 5/31/90

119 1/5/90 P31480 20 1/25/90
120 10/2/89 P31482 3 10/5/89
121 5/2/90 P31496 2 5/4/90
122 3/12/90 P31498 4 3/16/90
123 1/2/90 P31511 17 1/19/90
124 4/11/90 P31512 19 4/30/90
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397 KTS FY 90

A B C I D
1 KIT Date SIN ITotal Timel Sold Date
2 10/5/89 P19713 a 10113189
3 2/20/90 P19720 15 317190
4 3/26190 [P19737 16 4111190
5 311/90 P19753 10 4/11/90 "
6 10/17/89 P19761 9 10126/89
7 12/20/89 P19782 23 1/12/90

8 8/11/90 P24505 5 8116/90
9 10/2/89 P30010 4 10/6/89
10 5/9/90 P30031 . 20 5/29/90
11 1/11/90 P30058 19 1/30/90
12 10114/89 P30083 6 1 0/25/89
13 11!15/89 P30122 13 11128189
14 1/9190 jP30167 21- 1/30/90
15 10/30/89_J P30183 16 11/15/89
16 10112/89 P30193 12 10/24189
17 8/20/90 P30196 7 8127/90
18 12/19/89 P30199 17 1/5/90
19 11/30/89 P30218 18 1 12/18189
20 11/15189 P30223 12 11/27189
21 114/90 P30227 18 1/22190
22 211/90 P30255 27 - 2/28/90
23 5124/90 P30285 13 I 6/6/90
24 10/24189 P30290 13 1 11/6/89
25 4116/90 P30302 19 513190
26 4/25/90 P30318 20 5115/90
27 7/5190 P30320 15 7/20/90
28 10/3/89 P30335 10 10/13189
29 7/24/90 P30355 7 7131190
30 1/9/90 P30375 21 1/30190
31 5/25/90 P30378 12 I 616/90
32 7/24190 P30390 5 7/31190
33 10131189 P30393 17 11117/89
34 3114190 P30403 2 3/16190
35 11/21/89 P30403 9 11130189
36 2/1/90 P30413 12 2113/90
37 5/21/90 P30422 9 I 5/30190
38 21/90 P30433 20 2/2119039 5/21/90 ]-P30447 14 6/4/90
40 211/90 P30453 14 2115190
41 7/14/90 P30461 16 7/30/90
42 1/2/90 P30480 9 1/11/90
43 5/23/90 P30481 1 5124190
44 2/20/90 P30488_ 8 ! 2/28/90
45 10/2/89 P30503 4 J_10/6/89
46 10/23/89 P30520 . 5 10/28/89
47 10/26189 P30525 " 35 I 11/3/89
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397 KTS FY 90

A -B C D
48 i0/24/89 P30531 7 10/31/89
49 -7/14/90 - P30545 17 7/31/90
50 12/5/90 P30570 22 12/27/89
51 4/3/90 P30588 7 3/10/90
52:- 3/12/90 P30591 8 3/20/90
53 1 2/6/89 P30601 22 12/28/89
54 12/11/39 P30610 30 1/10/90
55 10/24/89 P30627 4 1 0/28/89
56 11/28/89 P30633 17 12/15/8'9
57 5/9/90 P30636 15 5/24/90
58 1 0/1 8/89- P30641 6 10/24/89
59- 11/17/89 P30644 13 11/30/89
60 10/23/89 P30662 7 10/30/89
61 4/25/90 P30691 26 5/21/90
62 5/25/90 P30695 56 7/20/90
63 2/20/90 P30720 8 2/28/90
64 2/20/90 P30720 8 2/28/90
65 2/26/90 P30733 8 - 3/6190
66 7/24/90 P30764 7 7/31/90
67 11/30/89 P30777 15 12/1-5/89
68 8/15/90 P30832 4 8/19/90
69 3/13/90 P30850 6 3/19/90
70 8/20/90 P30875 2 8/22/90
71 8/23i90 P30893 25 9/17/90
72 10/20/89 P30924 0 10/20/89-
73 11/16/89 P30932 14 11/30/89
74 2/26/90 P30935 2 2/28/90
75 5/25/90 P30949 28 6/22/90
76 4/24/90 P30965 10 5/4-/90
77- 4/20/90 P30972 10 4/30790
78 5/24/90 P30981 6 5/30/90
79- 5/25/90 P30982 25 6/19/90
80 1/4/90 P30994 15 1/19/90
81 12/6/89 P30995 21 12/27/89
82 10/17/89 P31003 75 12/28/89
83 4/11/90 P31047 7 4/18/90
84 4/23/9"0 P31064 10 5/3/90
85 10/5/89 P31 065 6 10/17/89

86 11/20/89 P31088 10 11/30/90
87 5/22/90 P31102 70 7/31/90
88 1/4/90 P31114 36 2/9/90
89 12/19/89 P31129 21 1/9/90
90- 11/15/89 P31138 15 _ 11/30/89
91- 10/27/89 P31142 11 11/7/89
92 1/2/90 P31146 17 1/19/90
93 10/20/89 P31147 6 10/26/89
94 2/2/90 P31169 26 2/28/90
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-397 KTS FY 90

A B D
95 11/20/89 P31196 37 - - 12/27/89
96 2/12/90 P31209 11i- 2/23/90
97 8/23/90 P31216 26 9/18/90
98 4/27/90 P31224 -26 5/23/90
99 4/22/90 P31266 24 5/21/90
100 11/16/89 P31284 11 - 11/27/89
101 11/7/89 P31291 20 11/27/89
102 11/21/90 P31302 20- 12/11/89
103 4/3/90 P31325 27 4/30/90
104 5/25/90 P31326 10 6/4/90
105 10/24/89 P31330 7 10/31/89
106 3/1/90 P31333 11 3/12/90
107 2/2/90 P31334 19 2/21/90
108 7/26/9,0 -P31.343- -t6 8/11/90
109 4/4/90 P31373 13 4/17/90
110 12/19/89 P31380 20 1/9/90
111 3/7/90 P31400 9 3/1 6/90
112 4/24/90 P31423 21 5/15/90
113 11/6/89 P31431 21 11/27/89
114 4/9/90 P31445 4 4/13/90
115 1/2/90 P31459 7 1/9/90
116 10/2/89 P31460 9 10/1-1/89
117 11/8/89 P31463 20- 11/28/89
118 5/22/90 P31464 9 5/31/90
119 1/5/90 P31480 20 1/25/90
120 10/2/89 P31482 3 10/5/89
121 5/2/90 P31496 2 5/4/90
1221 3/12/90 P31498 -4 3/16/90
123 1/2/90 P31511 17 1/19/90
124 4/11/90 P31512 19 4/30/90

0
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180-KTS FY 90

A B C D
1 KIT DATE S/N TOTAL TIME DATE SOLD
2- 1:1/3/89 P3934 0 11/3189
3 4116/90 P175 2 4/18/90
4 2/26/90 P2232 2 2/28/90
5 9/27/89 P2544 3 9/30/89
6 10/26/89 P0611 4 1-0/30/89
7 10/24/89 P3036 4 10/28/90
8 11/3/89 P1877 5 1-1/8789
9 7/26/90 P2318 - 5 7/31/90
10 10/26/89 P281 5 10/31/89
1-1 2/8/90 P2937 6 2/14/90
1 2 10/24/89 P3383 6 1,0/30/89
13 9/20/90 P3646 6 9/26/90
1-4 3/20/90 P3752 6 3/26/90
15 -5/2/90 P3792 6 5/8/90
16 2/21/90 P1356 7 2/28/90
17 3/9/90 P1856 7 3/16/90
18 2/21/90 P2485 7 2/28/90
19 7/24/90 P2907 7 7/31/90
20 1/23/90 P334 7 1/30/90
21 7/24/90 P3784 7 7/31/90
22 4/25/90 P0008 8 5/3/90
23 3/14/90 P124 8 3/22/90
24 2/26/90 P2502 8 3/6/90
25 7/1 2/90 P2838 8 7/20/90
26 3/13/90 P4316 8 3/21/90
27 1/30/90 P842 8 2/7/90
28 9/22/89 P995 8 9/30/89
29 10/19/90 P1015 9 10/28/90
30 2114/90 P2278 9 2/23/90
31 3/13/90 P3140 9 3/22/90
32 2/14/90 P3582 9 2/23/90
33 4125/90 P3907 9 5/4/90
34- 8/20/90 P4090 9 8/29/90
35 6/27/90 P846 9 7/6/90
36 3/20/90 P1880 10 3/30/90
37 -3/20/90 P2789 10 3/30/90
38 4/9/90 P3288 10 4/19/90
39 2/26/90 P3881 10 3/8/90
40 3/20/90 P978 10 3/30/90
41 4/9/9-0 P979 10 4/19/90
42 10/19/90 P1758 11 10/30/89
43 8/27/90 P844 11 9/7/90
44 8/9/90 P0711 11 8/20/90
45 9/14/90 P2491 12 9/26/90
46 3/14/9-0 P2511 12 3/26/90
47 7/5/90 P1989 1-3 7/18/90
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180 KTS FY 90

A B C D
48 5/1-1/90 P3065 13 5/24/90
49 9/6/90 P3533 1-3 9/19/90
50 9/6/90 P3905 13 9/19/90
51 2/8/90 P755 13- 2/21/90
52 10/2/90 P140 14 1,"'116189
53- 1  10/2/90 P2177 14- 1/16/89
54 5/23/90 P3419 14 6/6/90
55- 11/15/89 P2350 15 11/30/89
56- 11/15/89 P905 15 11/30/89
57 5/23/90 P1500 16 6/8/90
58 4/18/90 P3371 16 5/4/90-
59 2/26/90 P1287 17 3/15/90
60 11/3/89 P1889 17 11/20/89
61 7/13/90 P3743 IT 7/20/90
62 5/11/90 P1979 18 5/29/90
63 8/27/90 P3379 18 9/14/90
64- 8/27/90 P3655 18, 9/14/90
65 1/26/90 P746 18 2/13/90
66- 3/23/90 P2216 19 4/11/90
671- 4/19/90 P2909 19 6/8/90
68 7/12/90 P478 -19 7/31/90
69 7/26/90 P3010 20 8/15/90
70 8/9/90 P3951 20 8/19/90
71 5/25/90 P174 2-1 6/15/90
72 10/5/89 P3274 23 10/28/89
73 7/20/90 P01 90 25 8/15190
74- 11/16/89 P335 25 12/111/90
75 5/25/90 -P766 25 7/3/90
76 10/5/89 P3426 26 10/31/89
77 5/24/90 P472 26 6/19/90
7-8- 5/30/90 P3398 27 6/26/90
79 7/26/90 P3217 28 8123/90
80 4/9/90 P3395 28 5/7/90-
81 2/1/90 P2813 33 3/6/90
82 6/27/90 P1345 37 7/3/90
83 5/25/90 Pool 38 7/2/90
8-4 -11/20/89 P1630 38 12/28/89
85 11/20/89 P1427 45 f//4/90
86 3/9/90 P4066 46 5/24/90
87 12/11/89 P2590 50 1/30/90
88 5/25/90 P3774 52 7/16/90
89 7/26/90 P558 62 9/26/90
90 3/14/90 P4221 68 5/21/90
91 11/16/89 P3255 70 1/25/90
92 11/7/89 P3057 84 1/30/90
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180 KTSFY 90

A B -C D
1 KIT DATE S/N TOTAL TIME DATE SOLD
2 4/25/90 P0008 8 5/3/90
3 5/25/90 P001 38- 7/2/90
4 7/20/90 P0190 25 8/15/90
5 10/26/89 P0611 4 10/30/89
6 1-0/19/90 P10o15 9 10/28/90_
7 3/14/90 P124 8 3/22/90
8 2/26/90 P1287 17 3/15/90
9 6/27/90 P1345 37 - 7/3/90
10 2/21/90 P1356 7 2/28/90
11 10/2/90 P140 14 10/16/89
12 1-1/20/89 P1427 45 1/4/90
13 5/23/90 P1500 16 6/8/90
14 11/20/89 P1630 38 12/28/89
15 5/25/90 P174 21 6/15/90
16 4/16/90 P175 2 4/18/90
17 10/19/90 P1758 11 10/30/89
1 8 3/9/90 P1856 7 3/1-6/90
19 11/3/89 P1877 5 11/8/89
20 3/20/90 P1880 10 3/30/90
21 11/3/89 P1889 17 11/20/89
22 5/11/90 P1-979 18 5/2-9/90. 23 7/5/90 P1989 13 7/18/90
24 10/2/90 P2177 14 10/16/89
25 3/23/90 P2216 19 4/11/90
26 2/26/90 P2232 2 2/28/90
27 2/14/90 P2278 9 2/23/90
28 7/26/90 P2318 5 7/31/90
29 1-1/15/89 P2350 15 11/30/89
30 2/21/90 P2485 7 2/28/90
31 9/14/90 P2491 12 9/26/90
32 2/26/96 P2502 8 3/6/90
33 3/14/90 P2511 12' 3/26/90
34 9/27/89 P2544 3 9/30/89
35 12/11-/89 P2590 50 1/30/90
36- 3/20/90 P2789 10 3/30/90
37- 10/26/89 P281 5. 10/31/89
38 2/1/90 P2813 33 3/6/90
39 7/12/90 P2838 8 7/20/90
40 7/24/90 P2907 7 7/31-/90
41 4/19/90 P2909 19 6/8/90
42 2/8/90 P2937 6 2'114/90
43 7/26/90 P3010 20 8/15/90
44 10/24/89 P3036 4 10/28/90
45 11/7/89 P3057 84 1/30/90
46 5/11/90 P3065 13 5/24/90
47 3/13/90 P3140 9 3/22/90
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180-KTS FY 90

A B C J'D
48 7/26/90 P3217- 28 8/23/90
49 11/16/89 P3255 70 1/25/90
50 10/5/89- P3274 23 10/28/89
51 4/9/90 P3288 10 4/19/90
52 1/23/90 P334 7 1/30/90
53 1-1/16/89 P335 25 12/11/90
54 4/18/90 P3371 16 5/4/90
55 8/27/90 P3379 18 9/14190
56 10/24/89 P3383 6 10/30/89
57 4/9/90 P3395 28 5/7/90
58 5/30/90 P3398 27 6126/90
59 5/23/90 P3419 14 6/6190
60- 105/89 P3426 26 10/31/89
61 9/6/90 P3533 13 9/19/90

62 2/14/90 P3582 9 2/23/90
63 9/20/90 P3646. 6- 9/26/90
64 8/27/90 P3655 18 9/14/90
65 7/13/90 P3743 17 7/20/90
66 3/20/90 P3752 6 3/26/90
67 -5/25/90 P3774 52 7/16/90
68 7/24/90 P3784 7 7/31/90
69 5/2/90 P3792 6 5/8/90
70 2/26/90 P3881 10 3/8/90
71 9/6/90 P3905 13 9/19/90
72 4/25/90 P3907 9 5/4/90
73 11/3/89 P3934 0 11/3/89
74 8/9/90 P3951 20 8/19/90
75- 3/9/90 P4066 46 5/24/90
76 8/20/90 P4090 9 8/29/90
77 3/14/90 P4221 68; 5/21/90
78 3/13/90 P4316 8 3/21/90
79 5/24/90 P472 26 6/19/90
80 7/12/90 P478 19 7/31/90
81 7/26/90 P558 62 9/26/90
82 1/26/90 P746 18 2/13/90
83 2/8/90 P755 13 2/21/90
84 5/25/90 P766 25 7/3/90
85 1/30/90 P842 8 2/7/90
86 -8/27/90 P844 11 9/7190
87 6/27/90 P846 9 7/6/90
88 11/15/89 P905 15 11/30/89
89 3/20/90 P978 10 3/30/90
90 4/9/90 P979 10 4/19/90
91 9/22/89 P995 8 9/30/89
92 8/9/90 P0711 11 8/20/90

Page 2



180 KTS FY 89

A B C D
1 KIT DATE S/N TOTAL TIME DATE SOLD
2 3/8/89 P1005 30 4/7/89
3 8/11/89 P1036 10 8/21/89
4 10/12/88 P1048 8 10/20/88
5 7/5/89 P1335 15 7/20/89
6 9/19/89 P1339 9 9/28/89
7 -11/7/88 P1345 35 12/12/88
8 12/6/88 P1378 9 12/15/88
9 12/12/88 P139 17 12/29/88

1 0 7/21/89- P1397 5 7/26/89
11 5/17/89 P1413 2 5/10/89
1 2 7/25/89 P1420 2 7/27/89
13 10/4/88 P1574 15 10/19/88
14 4/4/89' P1580 7 4/11/89
15 5/3/89 P1585 9 5/12/89
16 7/5/89 P1592 -14 7/19/89
17- 8/21/89 P1631 10 8/31/89
18- 8/25/89 P164 6 8/31/89
19 7/1-8/89- P1774 7 7/25/89
20 5/12/89 P1889 4 5/16/89
21 5/3/89 P1901 6 5/9/89
22- 10/12/88 -  P1922 20 11/1/88
23- 11/2/88 P1923 -13 11115/89
24 9/7/89 P1982 11 9/18/89
25 1 25/89 P1989 7 -2/1/89
26 12/14/88 P2051 13 12/27/88
27 8/1/89 P2121 - 7 8/8/89
28 10/18/88 P2177 56 12/12/88
29- 8/21/89 P2298 2 8/23/89
30 1-0/20/88 P2382 51 12/9/8-8
31 11/10/89 P2428 12 11/22/88
32 1/26/89 P2429 15 2/10/89-
33 4/10/89 P2485 -22, 5/2/89
34- 9/1-9/89 P2617 9 9/28/89
35 10/24/88 P2705 7 10/31/88
36 12/,1/88 P2733 13 12/14/88
37 10/18/88 P281 7 10/25/88
38 4/7/89 P2810 0 4/7/89
39 9/18/89 P2894 8 9/26/89
40 1/26/89 P2923 18 2[13/89
41 11/1=4/88 P2960 44 12/28/88
42 12/14/88 P2965 _ 8 12/22/88
43 5/1/89 P30001 2 5/3/89
44 4/10/89 P3097 3 4/13'/89
45 10/8/88 P3114 7 10/25/88
46 5/12/89 P3117 7 5/119/89
47 2/15P89 P3150 12 2/27/89
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180 KTS FY 89-

A -B C -D
48 8/30/89 P3176 1 8/31/89
49 5/8/89 P3232 9 5/17/89
50 12/19/88- P325 10 12729/88
51 5/1189 P3332 7 5/8/89
52 4/10/89 P3358 21 5/1/89
53 2/13/89 P3359 17 -3/2/89
54 9/30/88 P3394 31 1-0/31-/88
55 7127/89 P347 6 8/2/89
56 10124/88 P3517 40 112/2/88
57 3/8i89 P3523 29 416/89
58 8/31/89 P3583 1 911,/89
59 4/17/89 P3595 3 4/20/89
60 7/25/89 P35S 6 -7/31/89
61 5/24/89 P3610- 37 -6/30/89
62 1/9/89 P3653 15 1124/89
63 1 0!2,/88 .  P3700 8 10/28/88
64 1117/88 P3717 10 11/17/88
65 9/19/88 P3732 59 11117/88
66 9/7/89 P3789 1.5 9/22/89
67 8/31/89 P3911 5 9/5/89
68 1/12/89 P324 14 1/26/89
69 10/4/88 P404 15 10/19/88
70 8/25/89- P4071 3 8/28/89
71 1/5/89 J P4099 7 1/12/89
72 1/5/8S P4104 27 2/1/89
73 1/3/89; P4136 2 -1/5/89
74 2/23/89 P4138 6 3/1189
75 5/1/89 P4300 4 5/5/89
76 8/30/89 P4326 1 8/31/89
77 1/9/89 P4343 8 1/17189
78 12/20/88- P436 15 1/4/89
79 5/8/89 P487 67 7/14/89
80 12/9/88 P504 0 -12/9/88
81 4/18/89 P509 15 5/3/89
82 5/17/89 P516 20 6/6/89
83 2/1/89 P522 13 2/14/89
84 9/22/89 P528 6 9/28/90
85 11/15/88 P562 0 11/15/88
86 3/2/89 P585 36 4/7/89
87 10/26/88 P606 13 11/8/88
88 1/3/89 P607 7 1-110/89
89 8/17/89 P608 14 8/25/89
90 12/12/88 P672 15 12127/88
91 1/24/89 P766 3 1/27/89
92 10/24/88 P860 45 1-2/7/88
93 7/18/89 P907 3 7/21/89
94 2/2/89 P925 20 2/22/89
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180 KTS FY 89

A B C- D
95 8/28/89 P926 32 9/29/89
96 4/4/89 P958 8 4/-12/89
97 8/1/89 P964 14 8/15/89
98 10/18/88 P965 3 10/21/88
99 12/7/88 P996 9 12/16/88
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180 KTSFY 90

A B C -D
1 KIT DATE S/N -TOTAL TIME DATE SOLD
2 11/3/89 P3934 0 11/3/89
3 4/16/90 P175 2 4/18/90
4 2/26/90 P2232 -2 2/28/90
5 9/27/89 P2544 3 9/30/89
6 10/26/89 P0611 4 10/30/89
7 10/24/89 P3036 4 10/28/90
8 11/3/89 P1877 5 11/8/89
9 7/26/90 P2318 5 7/31/90
10 10/26/89 P281 5 10/31/89
11 2/8/90 P2937 6 2/14/90
12 10/24/89 P3383 6 10/30/89
13 9/20/90 P3646 6 9/26/90
14 3/20/90 P3752 6- 3/26/90
15 5/2/90 P3792 6 5/8/90
16 2/21/90 P1356 7 2/28/90
17 3/9/90 P1856 7 3/16/90
18- 2/21/90 P2485 7 2/28/90
19 -7/24/90 P2907 7 7/31/90
20 1/23/90 P334 7 1/30/90
21 7/24/90 P3784 7 7/31/90
22 4/25/90 P0008 8 5/3/90
23 3/14/90 P124 8 3/22/90
24 2/26/90 P2502 8 3/6/90
25 7/12/90 P2838 8 7/20/90
26 3/13/90 P4316 8 3/21/90
27 1/30/90 P842 8 2/7/90
28 9/22/89 P995 8 9/30/89
29 10/19/90 P1015 9 10/28/90
30 2/14/90 P2278 9 2/23/90
31 3/13/90 P3140 9 3/22/90
32 2/14/90 KP2582 9- 2/23/90
33 4/25/90 P3907 9 5/4/90
34 8/20/90 P4090, 9 8/29/90
35 6/27/90 P346 9 7/6/90
36 3/20/90 P1880 10 3/30/90
37 3/20/90 P2789 10 3/30/90
38 4t9/90 P3288 I 10 4/19/90
39- 2/26/90 P3881 10 3/8/90
40 3/20'90 P978 10 3/30/90
41 4/9/90 P979 10 4/19/90
42 10/19190 P1758 11 10/30/89
43 8/27/9- P844 . 11 9/7/90
44 8/9/90 P0711 1 1 8/20/90
45 9/1i/00 P249',' L.1.2 9/26/90
46 3/14/90 P2511 12 3/26/90
47 7/5190 P1989 13 7/18/90
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180 KTS FY 90

A B C D
48 5/11/90 P3065 -13 5/24/90
49 9/6/90 P3533 13 9/19/90
50 9/6/90 P39.05 . 13 -9/19/90
51 218/90 P755 13 2/21/90
52 10/2/90 P140 , 14 .10/16/89
53 10/2/90 P2177 14 10/16/89
54 5/23/90 P3419 14 6/6/90
55 11/15/89 P2350 15 11/30/89
56 11/15/89 IP905 15 11/30/89
57 5/23/90 P1500 1-6 6/8/90
58 4/18/90 P3371 16 5/4/90
59 2/26/90 P1287 17 3/15/90
60- 11/3/89 P1889 17 11/20/89
61 7/-13/90 P3743 17 7/20/90
62 5/11/90 P1979 18 5/29/90
63 8/27/90 P3379 18 9/14/90
64- 8/27/90 P3655 18 9/14/90
65 1/26/90 _P746 18 2/13/90
66 3/23/90 P2216 19 4/11/90
67 4/19/90 P2909 19 6/8/90
68 7/12/90 ."478 19 7/31/90
69 7/26/90 P3010 20 8/15/90
70- 8/9/90 P3951 20 -8/19190
71 5/25/90 P174 21 -6/15/90
72 10/5/89 P3274 23 10/28/89
73 7/20/90 P0190 25 8/15/90
74 11/16/89 P335 25 12/1-1/90
75 5/25/90 P766 25 7/3/90
76- 10/5/89 P3426 26 10/31/89
77- 5/24/90 P472 26- 6/19/90
78 5/30/90 P3398 27 6/26/90
791 7/26/90 P3217 28 8/23/90
-80 4/9/90 P3395 28 5/7/90
81 2/1/90 P2813 33 3/6/90
82 6/27/90 P1345 37 7/3/90
-83 5/25/90 POOl 38 7/2/90
84 11/20/89 P1630 38 12/28/89
8- 11/20/89 P1427 45 1/4/90
86 3/9/90 P4066 46 5/24/90
87 121".' :. 89 P2590 50 1/30/90
88 5/25/90 P3774 52 7/16/90
89 7/26/90 P558 62 9/26/9G
90 3/14/90 P4221 68 5/21/90
91 1-1/16/89 P3255 70 1125/90
2 11/7/89 P3057 84 1/30/90
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180-KTS FY 90

A B C D -
1 KIT DATE S/N TOTAL TIME DATE SOLD
2 4/25/90 P0008 8 5/3/90
3. 5/25/90 Pool 38 - 7/2/90
4., 7/20/90 P0190 25 8/15/90
5 10/26/89 P0611 4 10/30/89
6 10/19/90 P1015 9 10/28/90
7 3/14/90 P124 8 3/22/90
8 2/26/90 -P12-87 17 3/15/90
9 6!27/90 P1345 37 7/3/90
101 -2/21 /90 P1356 7 2/28190
11I' 10/2/90 -P140 14 10/16/89
12 11/20/89 P1427 -45 1/4/90
13 5/23/90 P1500 16 6/8/90
14 -11/20/89 P1630. - 38 12/28/89
15 5/25/90 P174 21 6/15/90
16 4/16/90 P-175 2 4/18/90
17 10/19/93 P1758 11 10/30/89
18 -3/9/90 P1856 - 7 3/16/90
19 11/3/89 P1877 5 11/8/89
20 3/20/90 P1880 10 3/30/90
21 11/3/89 P1889 17 11/20/89

.2-2 5/11/90 P1979 1 5/29/90
23 7/5/90 P1989 13 7/18/90
24 10/2/90 P2177 1-4 10/16/89
25 3/23/90 P2216 19 4/11/90
26 2/26/90 P2232 2 2/28/90
27 2/14/90 P2278 9 2/23/90
28 7/26/90 P2318 5 7/31/90
29- 11/15/89 P2350 15 11/30/89
30 2/21/90 P2485 7 2/28/90
31 9/14/90 P2491 12 9/26/90
32 2/26/9G P2502 8 3/6/90
33 3/14/9U P2511 12 3/26/90
34 9/27/89 P2544 3 9/30/89
35 12/11/89 P2590 50 1/30/90

-36 3/20/90 P2789 10 3/30/90
?'- 10/26189 P281 5 10/31/89
3b 2/1/90 P2813 33 3/6/90
39- 7/12190 P2838 _ 8 7/20/90
40 7/24/90 P2907 7 7/31/90
41 4/19/90 P2909 19 6/8/90
42 2/8/90 P2937 6 2/14/90
43 7126/90 P3010 20 8/15/90
44 10/24/89 P3036 4 10/28/90
45 11/7/89 P3057 84 1/30/90
1 I4 1 5/11190 P3065 13 5/24/90
147....3/3/90 P3140 " 9 3/22/90
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180 KTS FY 90

A B- C D
48 7/26/90 P3217 28 8/23/90
49 11/16/89 P3255 70 1/25/90
50 10/5/89 P3274 23 10/28/89
51 4/9/90 P3288 10 4/19/90
52 1/23/90 P334 7 1/30/90
53 11/16189 P335 25 12/11/90
54- 4/18/90 P3371 16 5/4/90
55 8/27/90 P3379 18 9/14/90
56 10/24/89- P3383 6 10/30/89
57 4/9/90 P3395 28 5/7/90
58 5/30/90 P3398 27 6/26/90
59 5/23/90 P3419 14 6/6/90
60 10/5/89 P3426 26 10/31/89
61 9/6/90 P3533 13 9/19/90
62 2/14/90 P3582 9 2/23/90
63 9/20/90 P3646 6 9/26/90
64 8/27/90 P3655 18 9/14/90
65 7/13/90 P3743 17 7/20/90
66 - 3/20/90 P3752 6 3126!90
67 5/25/90 P3774 52 7/16/90
68 7/24/90- P3784 7 7/31/90
69 5/2/90 P3792 6- 5/8/90
70 2/26/90 -P3881 10 3/8/90
71- 9/6/90 P3905 13 9/19/90
72 4/25/90 P3907 9 5/4/90
73 11/3/89 P3934 0 11/3/89
74 8/9/90 P3951 20 8/19/90
75 3/9/90 P4066 46 5/24/90
76 8/20/90 P4090 9 8/29/90
77 3/14/90 I P4221 68 5/21/90
78 3113/90 P4316 8 3/21/90
79 5/24/90 P472 26 6/19/90
80 7/12/90 P478 19 7/31/90
81 7/26/90 P558 62 9/26/90
82 1/26/90 P746 18 2/13/90
83 2/8/90 P755 13 2/21/90
84 5/25/90 P766 25 7/3/90
85 1/30/90 P842 8 2/7/90
86- 8/27/90 P844 11- 9/7/90
87 6/27/90 P846 9 7/6/90
88 1-1/15/89 P905 15 11/30/89
89 3/20;90 P978 10 3/30/90
90 4/9/90 P979 10 4/19/90
91 9/22/89 P995 8- I 9/30/89
92 8/9/90 1 P0711 11 I 8/20/90
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MM SUPPLY DATA

Comb.Chamber Lng. 1) 428 on hand
2835-01-013-4806 2) 28% depo; condemn 0% base condemn

3) $1,121.67
4) 588
5) ALT 17 months -V;,-'re t)x 3) :,9?o -

PLT 14 months
6) NIA
7) Latest demand i984 - 145 ea.

Turbine Torus 1) 266 on 'rId
2835-00-493-4762 2)- 0%-base & depot condemn

3) $3,122.96 ,Zo 7 t
4) 338 

J

5) ALT 7 months
PLT 14 months

6) N/A
7) Latest demand 1983 - 113 ea.

/£ GT'!-85-3"9 CC.t J-/-"3-.,:-IZ3-

" I1 374.on-hand j/1v7)J ° °o -

2835-01-242-2189 12) 323 - Z3-L 1.777
3) Engine will not be phased out

2nd Stage Comp. Diffuser 1) 675 frozen for inventory
2835-00-492-9450 2) 1.00 condenmantion rate

3) 723.27 ,]
4) 381 (EOQ yrs :98)
5) 11 months
6) -Historical data: empty desk

Turbine Bearing Housing 1) 1029 on hand
2835-00"-949-4581 2) 0% condemn

3) 1,486.37 iI:. °'.
4) 18 months
5) 40 (EO0qty)
6) Last buy was madb in '86 with
delivery in 1988.
7) -Historically maintained quantity

@1

-- = _



Deswirl Assy 1) 545 on hand
2835-00-604-4512 2)- 100%

3) 600.75 43;? >/
4)_ 77
5)- ALT - 404-

PLT - 358
6)_ 25
7)- Oct. '88, annual demand rate - 128,
Oct '90 annual demand rate dropped to
34.

2nd Stage Housing 1) 380 on hand
2835-00-916-3549 2)- 21%

3)- 1,156.26-4)_ 12 .2 2v>

5) ALT - 339-
PLT -436

6) 8
7) Annual-demand rate is 7 ea.

,2nd Stage Diffuser 1) 1237 on hand-
283-5-00-777-1724" 2)- 38%

3), 642.62
4)" 106 16-
5)_ ALT - 2111

PLT - 410
6)- 37
7) Sept. 88 annual demand rate was
378, May 90 annual demand rate dropped-
to, 53.

Wheel.'& :Shaft Assy 1) 174 on hand/-77-due-in-
2835-01-013-9906 2) 40%

3) 4,308.60 (includes cost of casting)
4)- 367
5) ALT- 211-

PLT - 523-
6) 115
7) The.re__are 466 in condition F and
repai- procedUres are being prototyped
for these. Annual- deman rate is 198.



2nd Stage Diffuser 1) 494 on hand- 0
2835-00-492-9444 2) 38%

3) 1,374.01
4) 342
5) ALT- 373

PLT - 471
6) 184
7) Dec. '88 Annual demand rate was 261
-June 90 annual demand had dropped to
184.

Turbine Nozzle 1) '677 on hand
2835-00-682-5364 2) 57%

3) 2,079.18
4) 174 /73
5) ALT - 392

PLT - 554
.6) 61 ea/
7). -Annual demand has decreased from
81 ea.(Nov '89) to 61 ea. (Nov 90).

2nd Stage Comp. Housing 1) -200,on hand-
-2835-00-492-9448YP 2) 12%

3) 1,085.97
4)- 842-720
5)- ALT - 274

PLT -408
6) 26-ea..

7) Previous- demands- N/A, Current
demand is 45 ea.

1st Stage Comp. Diffuser 1) 94 on -hand
2835-00-492-9440YP 2). 70%

3) 1,524.04 I 15
4) 537 ea.
5) ALT - 312

PLT- 369
6) 154 ea
7) Previous demands N/A, Current
demand is 36 ea.

S



0 1st Stage Inlet Assy 1) 142 on hand-
2835-00-494-56-5699YP 2) 1.00

3) 1,147.60 79/1
4) 12 months
5) 237 (EOQ yrs .93)
6) Historical data: empty desk

Bearing Housing 1) 182 on hand
2835-00-493-4763YP 2) 3%

3) 1,529.55
4) 205 - 2- o
5) ALT - 7 months

PLi 14 months
6) N/A -
7) Latest average demand 1983 - 80 ea.

G180-397 1) 408on-hand
2835-01-242-8063 12) 203: in- depot---5 - 000

3) 8,906 D041 -computation shown item
L<'T .boo in optimum position. Engines are not

phasing out.

AccessoryCase Housing 1) 15 in A/228 in M
2835-00-492-9399 2) 1.00
2835-00-759-01-51 3) 2,429.73

4) 12 months-'. -7-/
5) -0- EOQ-
6) Historical data: empty desk

To)' , Vi t o-0

/P, v e? Ao
W/
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2 Potential Cost Benefit

An annual cost savings of $i,57i,153 occurs from the implementation
of the recommended improvements as shown in Table

The investment cost of the recommendations is estimated at $0
This cost includes the focus study effort and the implementation cost.

The Cost Benefit Analysis (CBA) shows an Internal Rate of Return (IRR)
of 0% and a savings of $4,960,339 in terms of Net Present Value
(NPV) using constant FY89 dollars, see Figure . The CBA is
in compliance with regulation AFR173-15, cost analysis procedures,
dated 4 Mar 88.

The CBA covers the time frame starting with the focus study through
5 years after the completion of implentation. The annual cost
savings was assumed to start at the end of implementation.

The NPV takes into account the time value of money and is calulated by
discounting a cash flow. The focus study cost, implementation cost
the recurring savings were spread by fiscal year quarters and discount*
back to the Ist quarter by using a mid-quarter discounting factor
equivalent to an annual discount factor of 10%. Basically, this
means a dollar that is earned in FY90 is worth $.91 in FY89 terms
($i.00 / i.1), due to the ability to borrow or lend at a positive
interest rate.

A sensivity ialysis-was performed in which the investment cost
varied between 50% and 200% of the estimated costs, see Figure



SUMMARY OF INVESTMENT COST AND ANNUAL SAVINGS
(CONSTANT FY69 DOLLARS)
TABLE (SHEET I OF 2)

33
CURRENT
ANNUAL INVESTMENT ANNUAL
COSTS COSTS COSTS

NONRECURRING- COSTS-,(I-)-
FOCUS STUDY- $0 $0 (2) SO-
FACILITIES

LAND $0 $0o  $0
BUILDINGS $0 $0- $0-

SUPPORT EQUIPMENT
DEVELOPMENT $0 $0 $0
ACQUISTION $0 $0- (3) $0
INSTALL &-CHECKOUT $0 $0 (4) $0

"LOGIST XCS SUPPORT
INITIAL SPARES $0 $0 $0
INITIAL TRAINING $0 $0 $0
(DEV & PRESENTATION)

TECHNICAL DATA- 10 $0 $0

TOTAL NONRECURRING COST $0 $0 E seO-

RECURRING COSTS (1 )
TOUCH LABOR $0 $0 $60,351. (6)-
SUPPORT EQUIP MAINT $0 $0 $0
SPARES AND SPARES MGMT $3,240,879 $0 $i.609,375
TECHNICAL DATA $0 $0 $0
MOD KITS $0 $0 $0
CONFIGURATION DATA MGMT $0 $0, $0
UTILITIES $0 $0 $0

TOTAL RECURRING COSTS $3,240,879 $0 $1,669,726

TOTAL COSTS $3,240,879 -$0 $1,669-,726

ANNUAL-COST SAVINGS $1,571,153



NUMBER OF MONTHS-FOR FOCUS STUDY ? 24

NUMBER OF MONTHS TO IMPLEMENT CHANGES ? 3

SUMMARY OF INVESTMENT COST AND ANNUAL SAVINGS
(CONSTANT FY69 DOLLARS)

TABLE (SHEET 2 OF 2)

NOTES:

(1) ONLY ITEMS THAT ARE SIGNIFICANTLY EFFECTED BY THE PROPOSED CHANGE
HAVE BEEN ESTIMATED

(2-) ENGINEERING ESTIMATE FOR USE IN ENGINEERING TRADE STUDIES ONLY,
DOES NOT REPRESENT FIRM-PRICING

Y@



PLOTTING POINTS:
CUM NPV IN CONSTANT FY89 DOLLARS

FIGURE
CUM 89 DISC $

FOCUS-STUDY $0 $0
IMPLEMENTATION $0 $0
YR I $1,238,485 $i,238,485
YR 2 $2.364,381 $1,125,896
YR 3 $3q387,923 $1,023q542
YR 4 $4,316,415 $930 492
YR 5 $4,960,339 $641,924

CBA SENSITIVITY ANALYSIS
FIGURE

% BASELINE
INVESTMENT NPV IRR INVESTMENT

$0 $4,960,Z.39 0.0% 50%
$0- $4,960,339 0.07% 75%
$0 $4,960,339 0.0% 100%

A//A $0 $4960,339 0.0. 125%
-, $0 $4,960,339 0.0% 150%

$0 $4.9605339 0.0% 175%
$0 $4,960-339 0.0%7 200%

* /?
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.X---4-7 Potential Cz:st Benefit

An annual cost savings of $1,473,262 occurs from the implementation
cf the recommended improvements as shown in Table

The investment cost of the recommendations is estimated at $31,565
This cost includes the focus study effort and the implementation cost.

The Cost Benefit Analysis (CBA) shows an Internal Rate of Return (IRR)
of 35,9 and a savings of $3g727.875 in terms of Net Present Value
(NPV) using constant FY89 dollars, see Figure . The GBA is
Ln complia..ce with regulation AFR173-15, cost analysis procedures,
dated 4 Mar 88.

The CBA covers the time frame starting with the focus study through
5 years after the completion of implentation. The annual cost
savings was assumed to start at the end of implementation.

The NPV takes into account the time value of money and is calulated by
discounting a cash flow. The focus study cost, implementation cost
the recurring savings were spread by fiscal year quarters and discounted
back to the Ist quarter by using a mid-quarter discounting factor
equivalent to an annual discount factor of 10%. Basically, this
means a dollar that is earned in FY90 is worth $.91 in FY89 terms
($1.00 / i.1), due to the ability to borrow or lend at a positive
interest rate.

A sensivity analysis was performed in which the inve stment cost
varied between 50% and 200% of the estimated costs, see Figure

0



SUMMARY OF INVESTMENT COST-AND ANNUAL SAVINGS
(CONSTANT FY89 DOLLARS)
TABLE (SHEET I OF 2)

33
CURRENT
ANNUAL INVESTMENT ANNUAL
COSTS COSTS COSTS

NONRECURRING COSTS (1)
FOCUS STUDY $0 $0 (2) $0
FACILITIES

LAND $0 $0 $0
BUILDINGS $0 $0 $0

SUPPORT EQUIPMENT
DEVELOPMENT $0 $0 $0
ACQUISTION $0 $0 (3) $0
INSTALL & CHECKOUT $0 $0 (4) -$0

LOGISTICS SUPPORT
INITIAL SPARES $0 $0 _$O
INITIAL TRAINING $0 $0 $0
(DEV & PRESENTATION)

TECHNICAL DATA _$0 $0 $0

TOTAL NONRECURRING COST $0 $0 $0

RECURRING COSTS (1)
TOUCH LABOR $1,841,578 (5) $31,565 $368,316 (6)
SUPPORT EQUIP MAINT $0 $0 $0
SPARES AND SPARES MGMT $0 $0 $0
TECHNICAL DATA $0 $0 $0
MOD KITS $0 $0 $0
CONFIGURATION DATA MGMT $0 $0 $0
UTILITIES $0 $0 $0

TOTAL RECURRING COSTS $1,841,578 $31,565 $368,316

TOTAL COSTS $1,841,578 $31,565 $368,316

ANNUAL COST SAVINGS $1,473,262

NUMBER OF MONTHS FOR FOCUS STUDY ? 12

NUMBER OF MONTHS TO IMPLEMENT CHANGES ? 24

761



SUMMARY OF INVESTMENT COST AND ANNUAL SAVINGS
(CONSTANT FY89 DOLLARS-)

TABLE (SHEET 2 OF 2)_

NOTES::

(1) ONLY ITEMS THAT ARE SIGNIFICANTLY EFFECTED BY THE PROPOSED CHANGE
HAVE BEEN-ESTIMATED

(2) ENGINEERING ESTIMATE FOR USE IN ENGINEERING TRADE STUDIES ONLY5
DOES NOT REPRESENT FIRM PRICING



PLOTTING POINTS:
CUM NPV IN CONSTANT FY89 DOLLARS

FIGURE

CUM 89 DISc sFOCUS STUDY $0 $0IMPLEMENTATION ($42,125) ($42,125)YR i $1,039,080 $1,081,205YR 2 $2F021,993 $982,913YR 3 $2s915,550 $893,557YR 4 $3,727,0
7 5  $812-325YR 5 $3,727-875 

$0

CBA SENSITIVITY ANALYSIS
FIGURE

% BASELINEINVESTMENT NPV IRil INVESTMENT$23,674 $3,748,938 472.4% 507.$35,5ii $3,738407 400.4% 75%$31,565 $3,727,875 354.9% 100%$59,184 $3,717,344 322.5% 125%$71,021 $35706,813 297.9% i50%$82,858 $3,696,282 278.2% 175%$94,695 $3,685,75J 261.9% 200%72
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THE CHART RECOMMENDED FOR THIS PROCESS:

PRECONTROL STOPLIGHT CHART

CAUTIONS: This control charting technique is dependent on the parx_
specification being monitored. It DOES NOT DIRECTLY MPUNI OR fHE PROCEt.j, out
monitors how well the process is meeting part specifications. When using
this method, it is difficult to determine if the process is stable or if
process imnprovement is occuring. However, this method gives does give
direct feedback on adherance to part specifications.

To effectively use PRE-Control the CPK (process capability) of the process
should be i.33 or better.

CHART RECOMMENDED FOR THIS PROCESS:

VIRECONTROL STOPLIGHT CHART

CAUTIONS: This control charting technique is dependent on the part
specification being monitored. It DOES NOT DIRECTLY MUNIlOI !HE PROCEtS, but
monitors how well the process is meeting part specifications. Wi.en using
this method, it is difficult to determine if the process is stable or 1T
process improvement is occuring. However, this method gives does give
direct feedback on adherance to part specifications.

To effectively use PRE-Control the CPK (process capability) o- toe process
should be 1.33 or better.

FORMULAS: UCL (RED Zone) = Above USL
LCL (RED Zone) = Below LSL

(YELLOW Zone) = (Nominal + 1/4 Tolerance) to UEL
(YELL": 7 one) = (Nominal - 1/4 Tolerance) !c LSL

(GREEN Zone) = Between, (Nominal + I/ Tolerance! and
(Nominal - 1/4 Tolerance)

Plot poinss = 1;B

,==,*:% L I p r ip e -Li f -c -r-t in t,.+I t
L.$L - "oiwr spec}ir: ±,Lr, libi;

RULES ;
.C~ho-_: 5 cnsectitive pieces. tf all a-e in he green z.no, s:he- _ r' t..-r

production process. I* any of the five are Pot io -:he o'eer, zone, than the
0r44cs iy not be Capable. Conduct an i-i.sztxgz- ton.7'0



2. After you have 5 consecutive pieces in the green zone, take samples of 2

consecutive pieces at the prescribed intervals (see #3).

If both pieces are in the green zone, then continue.

If one piece is in the green zone and one is in the yellow zone,then
continue.

If both pieces are in the yellow zone, then stop production and investigate.

-11 one piece is in the red zone, the stop production and investigate.

*sj

1$. 4



," THE CHART RECOMMENDED FOR THIS PROCESS:

MOVING AVERAGE AND MOVING RANGE, 3D, GROUP, CHART

CAUTIONS: Because this chart calculates ranges based on a moving average, the
chart may overlook temporary fluctuations in the process. Also more judgenen
is required when interpreting the chart., since the range daLa is dependent on
the mving average and the moving average is based on measurements from
different Lime interval.s.

Also, the X (measurement) Vwtlues and the variation for each process sLream
(machine, spindle, cavity, etc.) shou:ld be approximately equal. It is
recommended th'kt a chart be -kept on each process stream until the X values
and variation for each process stream is known. If they are approximately
equal, then this chart may be useful.

CHART RECOMMENDED FOR THIS PROCESS:

MOVING AVERAGE AND MOVING RANGE, 3D, GROUP CHART

CAUTIONS: Because this chart calculates ranges based on a moving average, tie
chart may overlook temporary -fluctuations ina the process, Also more judgemen,
is required when interpreting the chart, since the range data is dependent on
the moving average and the moving average is based on measurements from
different time intervals.

Also, the X (measurement) values and the variation for each process atream
(machine, spindle, cavity, etc.) should be approximately equal. I t is
r-ecommended that a chart be kept on each proce.ss stream unLo.! he X values
and variation for each process stream is known. If they are approtimately
equal, then this chart may be useful.

FORMULAS: For the Individual X chart:
UCLx = MAbar + (A2 * MRbar)
LCL, = MAbar - (A2 * MRbar)

X Plot point I = Max MA
X Plot point 2 = Min MA

MA = (XI + X2 ... Xn)/n X = Xwbar

For the part-to-part, Moving Range chart,
t;CLmr D4 * IRbar
LCLmr 0

MR Plot point I = Max MR
MR Plot point 2 = Min MR

MR (Xmax - Xmin) in the range group



For the within-the-part., R (range) chart
UCLrw = D4 * RWbar
LCLrw = 0

RW Plot point I : Ma RW
RW Flot point 2 Min RW

VARIABLES% MAbar = Average value of the moving average plot points
MA = Moving average, the average of the X values for each

group of -(n) points
Xwbar = Average value of the part measurements
MR = Moving range, the- largest X plot point minus the smallest

X plot point in the range group
MRbar = Average of the MR values
RW = Maxiimum range of the -measurements for each part.
RWbar = Average of the RW values

FACTO3RS: A A2 DA.
2 1.88 3.27
3 i.02 -257
4 o.73 2.28
5 0.58 2.1l1
6 o.48 2.00

7/0



THE CHART RECOMMENDED FOR THIS PROCESS:

GROUPI NP CHART

CAUTIONS: To use this chart the sample size must remain constant and the
quality characteristic should be qeasured by counting Lhe number of units
-defective. The average number of oa.fects for each process should be greater
than 2 and be approximately equal for Lhis chart to be effective. Consideratic
zhould be given to using separate control charts for each process in place of
the "GROUP" chart.

CHART RECOMMENDED FOR THIS PROCESS:

GROUP:: NP CHART

CAUTIONS: To -use this chart the sample size must remain constant and the
quality characteristic should be measured by counting the number of units
defective. The average number of defects for each process thould -be greater
than 2 and be appro' imately equal for this chart Lo be effective-. Consideratio
should be given to using separate control charts for each process in place o-t
the "GROUP" chart.

FORMULAE: UCL = NPbar + 3 SOR <NPbar * ( i - ( NPbar / n )>
LCL = NPbar - 3 SOR <NPbar * ( i - ( NPbar / n )>

Plot pointi = max NP
Plot point2 = min NP

VARIABLES:
n = number of parts in the sample
NP = number of defective parts found for each part
NPbar = overall average number of defective parts found



THE CHART RECOMMENDED FOR THIS PROCESS:

GROUP, SHORT RUN, C CHART

CAUTIONS: To use this chart the sample size must remain constant and the
quality characteristic should be measured by defects per unit. the average
number of defects -from each process should be greater than - and approximatel
equal for this chart to be effective. Consideration should be given to usiLng
separate contirol charts for each process in place of the "GROUP" chart.



0
CHART RECOMMENDED FOR THIS PROCESS:

GROUP, SHORT RUN, C CHART

CAUTIONS: "ro use this chart the sample size must remain constant and the
quality characteristic should be measured by defects per unit. The average
number of defects from each process should be greater than 2 and approximately
equal for this chart to be effective. Consideration should be given to using
separate control charts for each process in place of the "GROUP" chart.

FORMULAE: UCL = +Y LCL = -3

Plot pointl = max(C - TAR Cbar) / SOR(TAR Cbar)
Plot point2 = min(C - TAR Cbar) / SQR(TAR Cbar)

VARIABLES:
C = number of defects found for each process
TAR Cbar = historical average of defects found per part

0

0



ATTIBUTES CONTROL Dateilme
CHART FORM Sample size -- - -- - -

Nurfter (np,c -

FracUon (p,u) -

Notes -m- - - m m

PARTS AVG 1TYPE OF DEFECTS - - -- - - -

A --- - --- - - -

-B-

H --

J 1- - - - - -6



-- I -

T- -I - --- -- - - - -

T- - - - - - n- - -

- L - - - - m--



3-D CONTROL CHARTS DATE
TARGETS TIME

PART X R PART
A x
B - (X-Xt)C - - - , I- - - - - -

D_ (X-Xt)/Rpt
E Rp .

F Rp/Rpt - - , - :

H Rw
J iRw/Rwt I

UCLX

---- ,m - - m -
- i i i i n

LCLX = - - -.--

Rp -I-.- -.- - - -

UCLX = - - -......-- -- -- --

IC =

CL--- - --

-t - - -

CLX = - -"

Rp- - - -- -. - , -

UCLX = _ _ _ _- - - - - - - - -- - -

'L A __ _ _ -_ -.. - - - -I

- , - -/-



- - ~- - -~I T I

- - -- - - - -1- - -

- - -- - - - --- *1- - -t

~ - - - -

- - - -~~ - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - -- - - a - - -i

- I- -I- - - - - -

- - l - -a -

- - -- - - - - - -

- - - - - - -

- -a - - - -- - -J

- - - - - - -

- = - a a

- a --

- -- - - --

i i- - -

-. - a - - - - a

- a a - a a- -

- - - a - - - a a -

- a

- -- a a a a a a a a a a a a a a a a a a a - - -
- i a. - - - - - - - - - - - - - - - i-i

a p aaI

- - -.-. - - aa ---

"- aJaa a -

- a -i a a a- -
a aa... - -.-

-!- a - - a a,,- -



X BAR AND R,S CHART DATE - - - -

TIME

PART -I-
pI

E - 2 - - - - -

S 1 I I

TARGETS TOTAL X

PART X R AVERAGEX
A TARGET X

B _(X - TAR X)
C -
D TARGETR
E (X-X)IR

G RANGERH -'- -.- --,

J r/TAR R

UCLX -

UC- -

CETE LIN ---

IJCLX -_ _ _ _

i_______!_ - -

CL- - - - - - - -

-' -- - - - - -
, - - -- -...- - -

"- - -

LCLXs -"- -- -

R,S - __i

UCLR =_,_-'"___-

CENTER LINE = _-"---.___

--- - -.



---- - - - ---- - - -

- - - - - - - - - - --- a - - -

- - - - - - - - - --- - - - -

- - -
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- - - - 5 S - - a . a a -

- - aS - -- - - - -- - a - -

- - as - -- - - -
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T.¢. 2G.GTCP85-53-7
WP 004 00

D' - IM. P --- ,

i ,1 - -°l-Z

VIEW 1Z

DO NOT CHROME

PLATE Ti-S SL"lACE D0TI

RADJ\I,= 18 L J 1A0 DIM. II

1 "-O 
A

k AE -DI ,FAC BI IA9 Z

00 , 00031Ti

1-19A.038

WIfi A 0.86.5 to 0.8700 inch RAD J 0.010 to 0.020 inch

,!A 3 0.7872 to 0.7876 inch DIA K 0.094 to 0.096 inch

LUIA G 1.1570 tp 1.1574 inches DIM. . 0.590 to 0.600 inch

W1A 9 1.624 to 1.625 inches DIm. P l.IZ3 to 1 196 inches

DIA E 0.8669 to 0.8674 inch DiA i.3i:5 inches basic

DIM. F 3.750 inches minimum DI. R 1.027 to 1.037 inches

fIM. I 0.23 to 0.26 inch DIM. S 0.339 to 0,349 inch

Figure l. Comprcssor Shaft Assembly (Shaft Assembly) - Repair

371690
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b. Repair Diameters A through E by Chrome Plating or Plasma Spraying.

NOTE

" Remove only the minimum amount of base metal to establish shaft centerline-
concentric within 0.0002, total indicator reading, to diameters A and B.

" Rework of diameter E can only be done by plasma spray.

" Previous chrome plate or plasma spray must be removed to achieve proper
repair. Chrome plating may be chemically removed.

* Remove only the minimum amount of base metal to clean up damage and
remove old chrome plate or plasma spray.

* Pre-grind all dimensions 0.050 to 0.070 inch from shoulders.

(11, Repair diameter A by chrome plating.

NOTE
If damage is not removed by machining, grinding or chemically stripping
diameter A to 0.857 inch minimum, plasma spray must be used.

(a) Machine, grind or chemically strip diameter A, not to exceed 0.857 inch minimum.

(b) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(c) Shot peen area to be chrome plated in accordance with MIL-S-13165 using steel shot (53-101).

(d) Chrome plate surface in accordance with QQ-C-320, Type I to a minimum diameter of 0.880
inch.

(e) Final machine or grind diameter A maintaining specified limits. Break edges of diameter A.

(f) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(g) Apply corrcsion preventative-compound (53-31A) to reworked area.

(h) Balance in accordance with step c.

371690 7/8
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(2) Repair in diameter A by plasma spraying.

(a) Machine or grind diameter A, not to exceed 0.839'inch minimum.

(b) Perform non-destructive inspection of reworked area-in accordance with T.O. 33B-1-1.
(c) Plasma spray in accordance with-T.O. 2-1-111 using metal spray (53-100) or equivalent to a

minimum diameter of 0.880 inch.
(d) Final machine or grind diameter A maintaining specified limits. Break cdges of diameter A.
(e) Perform-non-destructive inspection of reworked area-in accordance with T.O. 33B-1-1.

(f) Apply corrosion preventative compound (53-31A) to reworked area.

(g) Balance in accordance with step c.

(3) Repair diamecer B by chrome plating.

(a) Machine, grind or chemically strip diameter B, not to exceed 0.775 inch- minimum.
1 If damage is not removed by machining- grinding or chemically stripping diameter B to 0.775

inch minimum, plasma spray must be used.

(b) Perform non-destructive inspection of'reworked area in accordance with T.O. 33B-1-1.
(c) Shot peen area to be chrome plated in accordance with MIL-S-13165 using steel shot (53-101).

(d) Chrome plate surface in accordance with QQ-C-320, Type I to a minimum diameter of 0.797
inch.

(e) Final machine or grind diameter B maintaining specified limits. Break edges of diameter B.

(f) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.
(g) Apply corro3ion preventative compound (53-31A) to reworked area.
(h) Balance in accordance with step c.

(4) Repair diameter B by plasma spraying.

(a) Machine or grind diameter B, not to exceed 0.757 inch minimum.

(b) 7,?'form non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(c) Plasma spray in accordance with T.O. 2-1-111 using metal spray (53-100) or equivalent to a
minimum diameter of 0.797 inch.

(d) Final machine or grind diameter B maintaining specified limits. Break edges of diameter B.
(e) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(f) Apply corrosion preventative compound (53-31A) to reworked area.

(g) Balance in accordance with step c.

Q) 371690
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(5) Repair diameter C by chrome plating. 0
(a) Remove three pins in accordance with step a(1).

NOTE
If damage is not removed by machining, grinding or chemically stripping
diameter C to 1.145 inch minimum, plasma spray must be used.

(b) Machine, grind or chemically strip diameter C, not to exceed 1.145 inches minimum.

(c) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(d) Shot reen area to be chrome plated in accordance with MIL-S-13165 using steel shot (53-101).
(e) Chrome plate surface in accordance with QQ-C-320, Type I to a minimum diameter of 1.167

inches.

(f) Final machine or grind diameter C maintaining specified limits. Break edges of diameter C.
(g) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(h) Apply corrosion preventative -compound (53-31A) to reworked area.

(i) Replace three pins in accordance with steps a(2) through (5).
(j) Balance in accordance with step c.

(6) Repair diameter C by plasma spraying.

(a) Remove three pins in accordance with step a(1).
(b) Machine, grind or chemically strip diameter C, not to exceed 1.127 inches minimum.
(c) Perform non-destructive inspection of reworke3d area in accordance with T.O. 33B-1-1.

(d) Plasma spray in accordance with-T.O. 2-1-111 using metal spray (53-100) or equivalent to a
minimum diameter of -1.167 inches.

(e) Final machine or grind diameter C maintaining specified limits. Break edges of diameter C.
(f) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(g) Apply corrosion preventative compound (53-31A) to reworked area.

(h) Replace three pins in accordance with step a(2) through (5).
(i) Balance in-accordance with step c.

371690
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(7) Repair diameter D by chrome plating.

(a) Machine, grind or chemically strip-diameter D, not to exceed 1.612 inches minimum.

1 If damage is not removed by machining, grinding or chemically stripping diameter D to 1.612
- inches minimum, plasma spray must be used.

(b) Perform non-destructive inspection of reworked-area in accordance with T.O. 33B-1-1.

(c) Shot peen area to be chrome plated in accordance with MI rS-13165 using steel shot (53-101).

(d) Chrome plate surface in accordance with QQ-C-320. Type I to-a minimum diameter of 1.635
inches.

(e) Final machine or grind diameter D-maintaining specified limits. Break edges of diameter D.

(f) Perform non-destructive inspection of reworked area in accordance- with T.O. 33B-1-1.

(g) Apply corrosion preventative compound (53-31A) to reworked area.

(h) Balance in accordance with step c.

(8) Repair diameter D by plasma spraying.

(a) Machine, grind diameter D, -not to exceed 1.595 inches minimum.

(b) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(c) Plasma spray in accordance with T.O. 2-1-111 using metal spray (53-100) or equivalent to a
minimum diameter of 1.635, iches.

(d) Final machine or grind diameter D maintaining specified limits. Break edges of diameter D.

(e) Perform non-destructive inspection of reworked area in accordance'with T.O. 33B-1-1.

(f) Apply corrosion preventative compound (53-31A) to reworked area.

(g) Balance in accordance with step c.

(9) Repair diameter E by plasma spraying. (Do not chrome plate diameter E.)

(a) Machine, grind diameter E, not to exceed 0.837 inch minimum.

ti) Perform non-destructive inspection of reworked-area in accordance with T.O. 33B-1-1.

(c) Plasma spray in accordance with T.O. 2-1-111 using metal spray (53-100) or equivalent to a
minimum diameter of 0.877 inch.

(d) Final machine or grind diameter E maintaining specified limits.

(e) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(f) Apply corrosion preventative compound (53-31A) to reworked area.

(g) Balance in accordance with step c.

371690
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c. Balance Compressor Shaft Assembly. (See figure 2.)

NOTE
Tools called out in the following procedure are for use on a standard IS or
13S Gisholt balancing machine.

(1) Balance in accordance with WP 003 00, paragraph 7s. Shaft P/N 371690-10 can-be balanced as a
rotating group IAW T.O. 2G-GTCP85-53-8, WP 003 00.

(2) Using 256377-3 insert to support first stage end of shaft assembly and 256377-11 insert to support
second stage end of shaft assembly, secure shaft assembly to balance machine.

(3) Balance shall be accurate within 0.0050 ounce-inch in planes L and M.

(4) Material may be removed from areas within specified limits to obtain balance.

PLANE M (REF)

MATERIAL MAY BE REMOVED FROM THIS
DIM. U SURFACE FOR BALANCING. (TYPICAL BOTH
I I.-ENDS).

DIM. W-"

DIM. T

FIRST STAGE END SECOND STAGE END 1-19A-8036

DIM. T 0.750 inch maximum DIM. V 0.062 inch maximum
DIM. U 0.750 inch maximum DIM. W 0.098 inch maximum

Figure 2. Compressnr Shaft Ass'mnbly (Shaft Assembly). IlJa uncing

(5) Apply corrosion preventative compound (53-31A) to reworked area.

(6) Tag shaft assembly as BALANCED and package in accordance with MIL-P-116 to prevent
damage.

371690 7
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0 50

HEIGHT GAGE

DIAL INDICATOR

INDEX MARK

S PEED- NUTS.------.[I*"

_ _ INDEX MARK

SPEED NUTS~s

- SPEED-NUTS

-27--- IND5EX-MARK

22

I ' i , HOLDER PN 281713-1

SURFACE PLATE

F-19A-8164

3. Compressor inlet assembly 50. First stage compressor
4. Packing diffuser assembly

27. Second stage diffuser 51. Packing
-housing assembly 56. Second stage compressor

28. Packing housing assembly

Figure 4. Compressor Components Bore Alignment and Check Concentricity
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d. Compressor Components Bore Alignment.

(1) Temporarily install second stage diffuser housing assembly (27, figure 4)
on 281713-I holder assembly with bearing bore of housing assembly fitting
on stepped shoulder of holder assembly.

(2) Attach holder plate and tighten holder nut to remove excess end play.
Second stage diffuser housing assembly (27) shall be free to rotate.

(3) Install packing (28) and second stage compressor housing assembly (56) on
second stage diffuser housing assembly (27) and secure with washers and
speed nuts. Tighten speed nuts and torque to 20 to 25 inch-pounds.

NOTE

Each housing or diffuser may be installed individ-
ually and runout accomplished at each pilot di-
ameter or assembled and runout accomplished in ac-
cordance with steps e.(1) through (7). Runout at
each bore assembled separately shall not exceed
0.004 inch.

(4) Install first stage compressor diffuser assembly (50) and packing (51) on
second stage compressor housing assembly (56) with flats aligned and secure
with washers and speed nuts. Tighten speed nuts and torque to 20 to 25
inch-pounds.

(5) Align oil hole in compressor inlet assembly (3) with oil drain hole in
second stage diffuser housing assembly (27).

(6) Install compressor inlet assembly (3) and packing (4) on first stage com-
pressor diffuser assembly (50) and secure with washers and speed nuts.
Tighten speed nuts and torque to 20 to 25 inch-pounds.

e. Check Concentricity of Components Bore.

(1) Place a height gage on a flat surface plate and use a dial indicator to
check concentricity of bearing bore in compressor inlet assembly (3, figure
4).

(2) Concentricity shall be within 0.006 inch total indicator reading.

19



T.O. 2G-GTCP85-53-8. WP 003 00

(3) If concentricity cannot be- obtained, remove attaching washers and speed
nuts and rotate first stage compressor diffuser assembly (50, figure 4 con-
tinued) or second stage compressor housing assembly (56) on second stage
diffuser-housing assembly (27) to attain best possible concentricity.

(4) When satisfactory alignment has been obtained, index mark all components
with industrial marking ink (53-52) for reference at final assembly.

(5) Remove height gage and dial indicator.

(6) Remove washers and speed nuts and separate stackup. Keep all components
together as a matched set.

(7) Remove second stage diffuser housing assembly (27) from 281713-1 holder
assembly.

20
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FIRST STAGE SIDE (TOP)- SECOND STAGE SIDE (BOTTOM)

- DIM. F

DDIM;B

DIM. C

1 -19A-8423

50. First stage compressor diffuser assembly

Figure 5. First Stage Compressor Diffuser Assembly -Measurements
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f. -Fir t Stage Compressor Diffuser Assembly Measurements.

NOTE

If dimension F-has been determined previously,
proceed to step g.

(1) Measure thickness of first stage compressor diffuser assembly (50, figure
5) between mounting flange surfaces - es. Record maximum thick-
ness as dimension A.

(2) Measure thickness of mounting flange-on first stage side (top) of first
stage compressor diffuser assembly (50) '- -.. ... Record maximum
thickness as dimension B.

(3) Subtract dimension B from dimension A. Record as dimension D.

(4) Measure thickness of mounting flange on second stage side (bottom) of first
stage compressor diffuser assembly (50) a-. Record maximum
thickness as dimension C.

(5) Subtract dimension C from dimension D. Record as dimension E.

(6) Divide dimension- E by two and add dimension B. Record as dimension F.

Formula: A- B =D

E + 2 +B8 = FD- C=E

(7) Retain dimension F for later use.

23
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DIM. A

I PARALLEL BAR
DIM. B

-56

FLAT SURFACE

F-19A-7277

27. Second stage diffuser 56. Second stage compressor
housing-assembly housing assembly

46. Second stage impeller
shroud assembly

Figure 6. Determine Thickness of Shims Required to Align Second Stage
Impeller Shroud Assembly and Second Stage Diffuser Housing Assembly
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g. Determine Thickness of Shims Required to Align Second Stage Impeller Shroud

Assembly and Second Stage Diffuser Housinq Assembly. -

(1) Obtain a parallel bar of known thickness for use in steps (2) and (7).

(2) Place parallel bar on flange of second stage diffuser housing assembly (27,
figure 6).

(3) Using a micrometer, measure depth of second stage diffuser housing assembly
(27) at t . ... , , to top of parallel bar.

(4) Using a micrometer, measure the thickness of plate at -, ' ...
0 and add maximum dimension to measurement of step (3).

(5) Record highest reading as dimension A. Dimension A shall include thickness
of parallel bar. -

(6) Temporarily assemble second stage compressor housing assembly (56) and
second stage impeller shroud assembly (46) and place ona flat surface with
second-stage compressor housing assembly (56) downward.

(7) Place parallel bar across second stage impeller shroud assembly (46).

(8) Measure distance from parallel bar to smooth flange of second stage com-
pressor housing assembly (56) at. . -. , - r " •

(9) Record lowest reading as dimension B. Dimension B shall include thickness
of parallel bar.

(10) Subtract dimension B from dimension A and add 0.005 inch. Result is
thickness of shims required between second stage impeller shroud assembly
(46) and second stage compressor housing assembly (56).

(11) Place an alignment mark on second stage impeller shroud assembly (46,
figure 6) and second stage compressor housing assembly (56) using indus-
trial marking ink (53-52).

(12) Remove second stage impeller shroud assembly (46) from second stage com-
pressor housing assembly (56).

0
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0a

\5 55 "
45 46

44 41

49

E-19A-141
2 1

44. Screw 51. Packing

45. Washer 52. Screw
46. Second stage impeller 53. Washer

shroud assembly 54. First stage impeller
47. Second stage shroud shim seal assembly
-48. flut 55. Interstage seal assembly
49. Washer 56. Second stage compressor
50. First stage compressor housing assembly

diffuser assembly

Figure 7. Install Second Stage Impeller Shroud, Second Stage Compressor
Housing and First Stage Compressor Diffuser Assemblies
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*9. ASSEMBLY.

a. -Install Second Stage Impeller Shroud, Second Stage Compressor Housing and
First Stage Compressor Diffuser Assemblies.

NOTE

Ensure that high metal has been renoved from second
stage shroud shims (47, figure 7). Use guide pins
when installing second stage shroud shims (47).

(1) Install guide pins in second stage compressor housing assembly. Install
thickness of second stage shroud shim (47) determined in paragraph C.g.(10)
and second stage impeller shroud assembly (46) on second stage compressor
housing assembly (56).

(2) Install bolt in helicoil until locking device is contacted. Using a stan-
dard torque wrench, measure frictional torque prior to installing screws
(44).

NOTE

Allow 2 to 4 hours cure time to sealing compound
(53-39) at room temperature prior to running
engine.

(3) Apply sealing compound (53-39) to threads of screws (44).

(4) Install screws (44) and washers (45).

(5) Tighten screws (44) and torque to 20 to 25 inch-pounds plus frictional
torque.

(6) Recheck measurement at dimension B, figure 6. Subtract dimension A from
dimension B. Result shall be 0.000 to +0.005 inch. Adjust second stage
shroud shims (47, figure 7), if necessary.

WARNING

Dry ice is solid C02 that has a temperature well
below zero C (-80%). Skin contact with dry ice
will cause serious low temperature burns. Tempera-
ture resistant gloves and apron shall be used when
handling. Carbon dioxide displaces oxygen, which
can cause asphyxiation. Use only in a well-
ventilated area.

(7) Place interstage seal assembly (55) in dry ice (53-43) for 10 minutes.
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(8) Press interstage seal assembly (55, figure 7 continued) into second stage
compressor housing assenbly (56).

(9) Install bolt in helicoil until locking device is contacted. Using a stan-
dard torque wrench, measure frictional torque prior to installing screws
(52).

NOTE

Allow 2 to 4 hours cure time to sealing compound
(53-39) at room temperature prior to running
engine.

(10) Apply sealing compound (53-39) to threads of screws (5?).

(11) Install first stage impeller seal assembly (54) and secure with screws (52)
and washers (53).

(12) Tighten screws (52) and torque to 25 to 30 inch-pounds plus frictional
torque.

(13) Install packing (51) in groove of second stage compressor housing assembly
(56).

(14) Install first stage compressor diffuser assembly (50) on second stage com-

pressor housing assembly (56) aligning index marks.

(15) Secure with nuts (48) and ..ashers (49).

(16) Tighten nuts (48) and torque to 20 to 25 inch-pounds.
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33 -DIM. B

35

34

32. Compressor- bearing retainer 34. Bearing
33.. Compressor bearing shim 315 BeaHiii ount ,assembly

Figure 8. Determine Thickness of Shi~s- .eired to Obtain -O,00-2 to 0.005
- Inch Gap Between Bearing, and. Compressor Rear-ipp Reta-iner
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b. Determine Thickness of Shims Required to Obtain 0.002 1o 0'005 Inch Gap

Between Bearing and Compressor Bearing Retainer.

CAUTION

Use clean lint-free gloves when handling jet engine
anti-friction bearings to prevent damage to bearing
surfaces from fingerprints.

NOTE

Ensure slot in bearing (34, figure 8) is aligned
with pin in bearing mount assembly (35) when
installed.

(1) Install bearing (34) into bearing mount assembly (35).

(2) Measure from face of bearing (34) to mounting surface of bearing mount as-
sembly (35). Record as dimension A.

(3) Measure from mounting surface flange of compressor bearing retainer (32) to
edge (lip) of compressor hearing retainer (32). Record as dimension B.

NOTE

If 0.001 to 0.003 inch clearance cannot be ob-
tained, replace parts as required to obtain proper
clearance.

(4) Subtract dimension A from dimension B. If difference is between 0.001 and
0.003 inch, compressor bearing shims (33) are not required.

Formula: B - A + 0.002 inch = Compressor bearing shims (33) ±0.001 inch

(5) Select required thickness of compressor bearing shims (33).

733 31



T.0. 2G-GTCP85-53-8

WP 003 00

130-
32 /

31

33

37

38

E-19A-)4120-

27. Second stage diffuser 3-3. Compressor bearing shim,
housting assembly 34. Bearing_

30. Externally relieved- bolt 35. -Bearing, mount assembly
31. Washer 37. Compressor bearing shim
32. Compressor bearing ,retainer 38. 'CQmpressor seal assembly

-Figure 9 I ,nsta1 1 Compressor Seal- Assembly
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c. Install Compressor Seal Assembly.

(1) Install 0.062 inch trial thickness of compressor bearing shim (37, figure 9) in place on second
stage diffuser housing assembly (27).

SION
Use clean lint-free gloves when handling jet engine anti-friction bearings to
prevent damage to bearing surfaces from fingerprints.

(2) Install assembled bearing (34) and bearing--mount assembly (35) in second stage diffuser housing
assembly (27)-making sure all holes are aligned.

(3) Install compressor bearing-shims (33) if required and compressor bearing retainer (32) in bearing
mount assembly (35).

NOTE
When installing dummy stator portion of compressor seal assembiy (38),
ensure chamfer edge is toward second stage diffuser housing assembly.

(4) Install dummy stator portion of compressor seal assembly (38)-on forward side of second stage
diffuser housing assembly (27).

(5) Secure with six externally relieved bolts (30) and washers (31). Tighten externally relieved bolts
(30) and torque to 20 to 30 inch-pounds.

,E

Use clean lint-free gloves when handling jet engine carbon seals to prevent
damage to seal surfaces from fingerprints.

(6) Install rotor portion of compressor seal assembly (38) -With flat face- upward.

735Chage 1 33
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GAGE (DUMMY SHAFT)
PN4 281715-1

SPEED NUT

221

---- ASS EMBLED FIRST STAGE COMPRESSOR DIFFUSER
AND SECOND STAGE COMPRESSOR

I - HOUSING ASSEMBLICS

ASSEMBLED FIRST STAGE COMPRESSOR DIFFUSER-
GAGE AND SECOND STAGE COMPRESSOR
(DUMMY SHAFT) HOUSING-ASSEMBUIES

SPEED NUTS AND WASHERS

16(l EF)E-19A-141 19

Figure 10. lIntall Second Stage Im~peller
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,Key to Figure 10

16. Nut 27. Second stage diffuser
26. Washer housing assembly

29. Second stage impeller

d. Install Second Stage Impeller.

(1) Note dimension stamped on 281715-1 gage assembly (dummy shaft). Record as
dimension K and retain for later use.

(2) Install second stage impeller (29, figure 10) in second stage diffuser
housing assembly (27).

(3) Carefully lower assembled second stage compressor housing assembly arA
first stage compressor diffuser assembly into place over second stagc dif-
fuser housing assembly (27).

(4) Align index marks on housing assemblies.

(5) Install 281715-1 gage assembly (dummy shaft) in second stage impeller (-29).

(6) Secure second stage compressor housing assembly to second stage diffuser
housing assembly (27) using washers (26) and speed nuts.

(7) Place assembled housing assemblies on their sides and install nut (16).
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33 is 32

- -- '] - 2 9

GAGEI
PN 281715-1 ! , 5

FLAT SURFACE

F-19A-7275

16. Nut 46. Second stage impeller29. Second stage impeller shroud assembly32. Compressor bearing retainer 50. First stage compressor33. Compressor bearing shim diffuser assembly

Figure 11. Determine Thickness of Shims Required for Clearance Between
Second Stage Impeller and-Second Stage Impeller Shroud Assembly
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e. Determine Thickness of Shims Reg uired for Clearance Between Second Stage Impeller and Second
Stage Impeller Shroud Assembly.

(1) Place assembled housing assemblies on a flat surface with first stage compressor diffuser
assembly (50, figure 11) down.

(2) Rotate 281715-1 gage assembly (dummy shaft) to check for slight tick between second stage
impeller shroud assembly (46) and second stage impeller (29).

NOTE
All measurements shall be taken at notch mark on 281715-1 gage assembly
(dummy shaft).

(3) Using a depth micrometer, measure from top surface of compressor bearing retainer (32) through
a mounting hole to backface of second stage impeller (29). Record as dimension A. Note position
and location where dimension A was taken. Remove one externally relieved bolt (30, figure 9).

(4) Using 280190 adapter, tighten nut (16, figure 11) and torque to 450 to 500 inch-pounds.

NOTE
The ideal clearance between second stage impeller (29) and second stage
impeller shroud (46)is 0.014 to 0.016 inch.

i AON

Dimension B shall be taken in the same position and location as dimension A
was taken. If not, results of second stage impeller-(29) to second stage
impeller shroud assembly (46) clearance will be affected.

(5) Measure from top surface of compressor bearing retainer (32) to backface of second stage
impeller (29). Record-as dimension-B.

.(6) Subtract dimension B from dimension A and subtract 0.010 to 0.020 inch.

Formula. A - B (0.010 to 0.020 inch) =-compressor bearing shims (33).

(7) Add or remove compressor bearing shims (33) as required to obtain 0.010 to 0.020 inch clearance
between second stage impeller (29) and second stage impeller shroud assembly (46).

NOTE
Repeat steps (1) through (7) if compressor bearing shims (33) are added or
removed.
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DEPTH MICR OMETER .

DI. L.

GAGE
(DUMMY SHAFT)
PN-281715-1

HOLDER PNl 257978-1

F-9A-728l

Figure 12 Determine Thickness of Shimis Required for Alignment of First Stage Compressor Impeller Assembly in First Stage

Compressor Diffusser Assembly
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f. Determine Thickness of Shims Required-for Alignment of First Stage Compressor Impeller Assembly
in First Stage Compressor Diffuser Assembly.

(1) Invert assembled housing assemblies and place on 257978-1 holder assembly with holder pilot
supporting 281715-1 gage assembly (dummy shaft) and with first stage compressor diffuser
assembly (50, figure 12) upward.

(2) Place parallel bar of known thickness across mounting flange of first stage compressor diffuser
assembly (50).

(3) Using a depth micrometer, measure from top of parallel bar to top of 281715-1 gage assembly
(dummy shaft).

(4)-. . .- , .

(5) Subtract thickness of parallel bar from average reading. Record as dimension [.

(6) Record dimension stamped on 281715-1 gage assembly (dummy shaft) as dimension K.
(7) Add dimension K to dimension L. Record as dimension M.

(8) Subtract dimension F, as recorded in step 8f(6), from dimension M. Record as dimension X. I
(9) Subtract dimension X from dimension J recorded in paragraph 8a(5). Record as dimension Y.

(10) r- . i.... Record total as dimension
Z. Dimension Z equals total thickness of shims (17) required.

Formula: L + K = M

M-F=X I
Y + (0.005 to 0.010 inch) = ZZ = Total thickness of shims (17)

(11) Record thickness of shims (17) for later use.
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27

38~ 
183

SPEED NUT 31

29

GAGE (DUMMY SHAFT)
PN 20715-1 -

' ASSEMBLED-SECOND STAGE COMPRESSOR
HOUSING AND FIRST STAGE COMPRESSOR

DIFFUSER ASSEMBLIES

E-19A-14114

Figure 13. Separate Assembled Housing As emblies
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g. Separate Assembled Housing Assemblies.

(1) Using 280190 adapter, remove nut (16, figure 13).

(2) Remove 281715-1 gage assembly (dummy shaft) and second stage impeller (29).

(3) Remove speed nuts and washers (26).

(4) Carefully lift assembled second stage compressor housing assembly and-firs tage compressor
diffuser assembly from second stage diffuser housing assembly (27).

NOTE

Retain second stage impeller (29) and rotating group with housing assemblies
as it is now a measured and matched component.

(5) Remove second stage impeller (29).

(6) Remove rotor off compressor seal assembly (38).

(7) Remove temporaily installed externally relieved bolts (30), washers (31), compressor bearing
retainer (32, figure 9), compressor bearing shims (33, 37), assembled bearing mount assembly (35),
bearing (34) and dummy stator of compressor seal assembly (38, figure 13) from second stage
diffuser housing assembly (27).
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31

\ "7

38/

E-19A-141 15

Figure 14. Install Compressor Seal Rotor
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h. Install Compressor Seal Rotor.

WARNING

Lube oil- may contain tricresyl phosphate. This ad-
ditive is poisonous and can be readily absorbed
through the skin. -Make certain that this oil does
not remain on the skin. The oil may burn if ex-
posed to heat or flames. Use only in a well-
ventilated area. Neoprene gloves and face shield/
safety goggles shall be worn.

CAUTION

Use clean lint-free gloves when handling jet engine
carbon seals and anti-friction bearings to prevent
damage to seal and bearing surfaces from
fingerprints.

(1) Apply a light film of oil -(53-62) to dunmy rotor portion of compressor seal
assembly (38, figure 14).

(2) Install compressor seal assembly (38) into second stage diffuser housing
assembly (27).

(3) Install assembled bearing (34, figure 9), bearing mount assembly (35), com-
pressor bearing shims (33, 37), compressor bearing retainer (32) and secure
to compressor seal assembly (38, figure 14) with-washers (31) and exter-
nally relieved bolts (30).

(4) Tighten externally relieved bolts (30) and torque to 20 to 25 inch-pounds.

S
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27 1G

of 66,
29

IIT

28,2 ] \

ASSEMBLED FIRST STAGE HOUSING ACOMPRESSOR IMPELLER /

AND COMPRESSOR/

SIA f ASSEMBLIES SECOND STAGE COMPRESSOR
HOUSING AND FIRST STAGE -39

COMPRESSOR DIFFUSER
,* EMBLIES

4 24 1 4 0

E ,9A-14118

1. Nut 29. Second stage impeller
17. Shim 39. Interstage air duct
25, Iut 40. Screw
26, Washer 41. Washer
27. Secnd stage diffuser 42, Gasket

housing asserbly 43. Gasket
23. Packinig

Figure 15. Instal! Rotating Assembly
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Install Rotating Assembly.

NOTE
Duct-Part No. 372696 is manufactured by-two (2) methods: rough texture
and smooth in appearance. Select a set of either type. 'Do not mix.'

(1) Install interstage air ducts (39, figure 15) and gaskets (42, 43). Ensure that interstage air duct
(39) passages are aligned with mating passages.

NOTE
Each insert for screws (40) shall have a minimum of 5 inch-pounds frictional
torque.

(2) Install bolt in helicoil until locking device is contacted. using a standrad torque wrench, measure
frictional-torque prior to installing screws (40).

NOTE
Use only screws (40)-wLh a new or like new internal frenching heads and
allow 2 to 4- hours cure time to sealing compound (53-39) at room temperature
before running e::gine.

(3) Apply sealing compound (53-39) to-threads 6r-screws (40).

(4) Secure interstage air ducts-(39) with screws-(40) and washers (41).

(5) Using 231714-1 adapter assembly, tighten screws (40) and torque to 30 to 35 inch-pounds plus
frictional torque.

Handling hot items presents a serious burn potential. Non-asbestos heat
resistant gloves shall be worn.

(6) Place second stage impeller (291) in an oven heated to 400OF (2040C) for approximately 15 minutes.

WAING

Dry ice is solid C02 that has a temperature well below zero C (-800C). Skin
contact-with dry ice will cause serious low temperature burns. Temperature
resistant gloves -and apron shall be used when handling. -Carbon dioxide
displaces oxygen which can cause asphyxiation. Use only in a well-ventilated
area.

(7) Place-rotating assembly iwdry ice (53-43) for approximately 10 minutes.
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(8) Install rotating assembly on 257978-1 holder assembly with first stage compressor impeller
assembly downward and 281508-1 pilot (part of holder assembly) placed on compressor shaft
assembly.

-(9) Coat splines of compressor shaft assembly with grease (53-48A). Carefully guide assembled
second stage compressor housing assembly and first-stage compressor diffuser assembly onto
compressor shaft assembly. Remove pilot.

(10) Install thickness of shim (17, figure 15 continued), determined in step f(10), onto second stage
impeller mounting shoulder of compressor-shaft assembly.

(11) Hold heated second stage impeller (29) with gloves and press second stage impeller (29) onto
compresso" shaft assembly.

(12) Remove assembled compressor components from holder assembly.

NOTE
Ensure packing.(28)-has been installed on second stage compressor housing
assembly.

(13) Install second stage diffuser housing assembly (27) on 281726-1 adapter assembly and 257978-1
holder assembly.

CAION

Ensure that index marks on housing assemblies are aligned to maintain
previously checked concentricity of bearing bores.

(14) Carefully place assembled compressor components in second stage diffuser housing assembly
(27), allowing compressor shaft assembly to start into bearing and allowing studs to start into
-holes of second stage compressor housing assembly.

CAUTION

Bearing in second stage diffuser housing assembly shall be supported to
prevent-bearing damage during installation of compressor components.

(15) Use a rubber mallet to drive compresor shaft-assembly into bearing.

NOTE
Allow 2 to 4 hours cure time to sealing compound (53-39) at room
temperature before running engine.

(16) Apply sealing compound (53-39) on,stud threads and install nuts (25) and washers (26).
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/DIM. -
1 -IM -.

DI0M. F

DIM.J E

F-19A-7272

20. Wheel 22. Shim
21. In-ducer 24. Compressor shaft

Figure 1. Impeller-Assembly and Compressor Shaft Assembly Measurements
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8. PREASSEMBLY.

a. Impeller Assembly and Compressor Shaft Assembly Measurements.

(1) Measure thickness of hub of wheel (20, figure 1). Record-as dimension E.
Divide dimension E by two and record as dimension E/2.

(2) Measure thickness of hub of (first stage) inducer (21) (inducer with large
chamfer on inside diameter of end of hub). Record as dimension F.

(3) Measure length of compressor shaft (24) between mounting shoulders for im-
peller assembly and second stage impel ler f. Record
average length as dimension H.

(4) Measure thickness of shim (22). Record as dimension G.

NOTE

Average dimension J is 5.520 + 0.010 - 0.020
inches.

(5) Add dimensions E/2, F, G and H. Record as dimension J. This dimension re-
presents the distance from centerline of impeller assembly to mounting
shoulder of second stage impeller.

Formula: E/2 + F + G + H = J

(6) Tag measured parts with dimension J for later use.

0
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19(REF 21 (REF)

19(E) 20 (R EF)J 
L

19(EF)21 (REF)

/ I I 0.01TO
RAD (TYP)

0.009 TO 0.019 IN.
AVERAGE MISMATCH

I ~ ~~SECTION B-B 4''I

I' ("."%oIAE

21

20

19- E-19A-141 II

18. Round plain nut 21. Inducer
19. Inducer 22. Shim
20. Wheel 24. Compressor shaft

Figure 2. Assemble First Stage -Compressor Impeller Assembly
and Compressor Shaft Ass~embly (Rotating Assembly)
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b. Assemble First Stage Compressor Impeller Assembly and Compressor Shaft Assem-

bly (Rotating Assembly)..

(1) Install shim (22, figure 2) on compressor shaft (24).

(2) For first stage compressor impeller assembly, align index marks on inducers
(19, 21)-.and wheel (20). For first stage compressor assembly with no visi-
ble index marks, select the relative position of the blades of inducers
(19, 21) and wheel (20) in accordance-with section B-B, figure 2.

WARNING

Handling hot items presents a serious burn
potential. Non-asbestos heat resistant gloves
shall be -worn. - -

NOTE

To ease the installation of the first stage com-
;pressor impeller assembly (19, 20, 21) on the com-
pressor shaft (24), the-compressor impeller assem-
bly may be heated.

(3) Place the first stage compressor impeller assembly (19, 20, 21) in an oven
heated to 400'F (204C) for 10 to 15 minutes.

(4) Remove first stage compressor impeller assembly (19, 20, 21) from oven.

(5) Ensure first stage compressor impeller assembly (19, 20, 21) components are

properly aligned in accordance with -section B-B, figure 2.

NOTE

Inducer (21),has a large chamfer on the inside di-
ameter of the hub end which shall be installed to-
wards shim (22) installed on compressor shaft (24)
shoul der.

(6) Install first stage compressor impeller assembly (19, 20, 21) over splines
on compressor shaft (24) with inducer (21) toward shim (22).

(7) Allow assembled first stage compressor impeller assembly (19, 20, 21), shim
(22) and compressor shaft (24) to cool to room temperature.

(8) En'sure first stage compressor impeller assembly (19, 20, 21) is aligned in
dccordance wfth section B-B, figure 2 and install rnund plain nut (18) orn
compressor shaft (24) finger tight.

0
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WHEEL INDCE

AREAI WEEL / CERAREA 2

AREA 4

AREA 3 DIM 8M-
- AREA 3

NUT(A

FIRST STAGE END SHIMS COMPRESSOR SECOND STAGE END

BALACINGBALANCING DIA 3
DIA A

FIRST STAGE COMPRESSOR
IMPELLER ASS'?

0.175 IN. MAX- -

PLN- PLANE V 0.060 IN. RAD MIN

0.040 IN. MIN

DETAIL A
(TYP BOTH PLANES) 11A91

DIM. BL 0.100 inch

DIM. BM 0.098 to 0.102 inch

Figure 3. Rotating Assembly Runout and Balance Procedu res
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c. Rotating-Assembly Runout and Balance Procedures.

(1) Rotating assembly runout. (See figure 3.)

(a) Install rotating assembly in 281717-1 holder assembly and tighten holder nut finger tight.
(b) Install 281717-1 holder assembly in a hydraulic press. Apply a clamping force of 2000 pounds

and tighten holder nut-finger tight.
(c) Release the 2000 pounds clamping force and remove 281717-1 holder assembly from hydraulic

press.

(d) Using 2843271-1 adapter assembly, tighten round plain nut (18, figure 2) and torque to 95 to
105 foot-pounds.

(e) Install 281717-1 holder assembly in a hydraulic press. Apply a clamping force of 2000 pounds
and loosen holder nut.

(f) Release the 2000-pounds clamping force and remote 281717-1 holdcr as.embly from hydraulic
press.

(g) Remove rotating assembly from 281717-1 holder assembly.

(h) Using a surface plate and v-blocks, support the rotating assembly oti balancing diameters A
and B, figure 3.

(i) Using a dial indicator supported from the surface plate, check rotating assembly compressor
shaft (24; figure 2) at a point immediately adjacent to the first stage impeller assembly shims
(22).

(J) If --=- i - w spe -cifi '. .. " .l- _i ,. p., .... ' r
(k) frunout iswinspcified limit proceed to .tep (r). If runout is excessive, repeat steps (a),

(b), (c) and proceed to step (I).

(1) Using 284327-1-1 adapter assembly, loosen round plain nut (18).

(m) Repeat steps (e), (f), (g) and proceed to step (0).

(n) Remove round plain nut (18) from compressor shart (2.1).

NOTE
First stage compressor impeller assembly may be rotated oil coml'essor
shaft (24, figure 2 continued) splines any Uumber of teeth and/or digrees in
either direction provided the specified requirc-ments of section 11-11. rigure 2
and steps (b) through (j) are maintained.

(o) Raise first stage compressor impeller assembl from compre.,.em" .sl,mfrt (24) splines and rotate-

NOTE
Ensure first stage compressor impeller assembly (M). 20. 21) comnpommns are
aligned in accordance with section B-B. figure 2.

(p) Reinstall the first stage compressor impeller a,s,cnhl. (W), 20. 21) on -plines of con'pr.or
shaft (24) and secure with round plain nut (IX) ightened ringer tight.

(q) Repeat steps (a) through (j) and (I) tlhrough (p) until requirement- ofr step (j) are mnet.

(r) Repeat steps (e), (f), (g).

(s) Using 28.1327-1-1 adapter assembly, removi rmm9d plain nut (I ).

75e
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Do not apply sealing compound (53-38) to threaded area of compressor shaft

(24) or to threads of round plain nut (18).

NOTE
Ensure cavity-between inside diameter of first ,age compressor impeller
assembly-(19, 20, 21) and outside diameter or compressor shaft (24) is filled-
with sealing compound-(53-38) to just below threads of compressor shaft (24).

(t) Using an eye dropper, fill the-cavity between inside diameter of first stage compressor impel-
ler assembly (19, 20, 21)-and-outside diameter of compressor shaft (21) with sealing compound
(53-38). Ensure no sealing compound (53-:38) is applied to threads of compressorshaft (21).

(u) Reinstall round plain nut(18) on compressor shaft (24).

(v) Repeat steps (d) through (g).

14. Change 7
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(w) Remove excess sealing compound (53-38) from the rotating assembly and allow rotating
assembly to stand in a vertical position with the impeller assembly upward for a minimum of
10 minutes.

Handling hot items presents a serious-bum potential. Non-asbestos heat
resistant gloves shall be worn.

(x) Maintain the vertical position with the impeller up and place the rotating assembly in an oven-
heated to 260-290OF (126-143 0C)-for a minimum of 1 hour. U

Handling hot.items presents a serious bum potential. Non-asbestos heat
resistant gloves shall be worn.

(y) Remove rotating assembly from oven and place on a suitable bench maintaining the vertical
position with the impeller up. Allow to cool to room temperature.

(z) Using a surface plate and-v-blocks, support the rotating assembly on balancing diameters A
and B, figure 3.

(aa) Using a dial indicator supported from the surface plate, check rotating assembly compressor
shaft (24, figure 2) at a point immediately adjacent to the first stage impeller assembly shims
(22).

(ab) r LI Al , . . If runout is within
specified limits, proceed to step (af). If- runout is excessive repeat steps (a), (b), (c) and (n).Proceed to step (ac).

(ac) Remove first stage compressor impeller assembly (19, 20, 21) from compressor shaft (24).

(ad) Clean sealing compound (53-38) from the first stage compressor impeller assembly (19, 20, 21)
bore, compressor shaft (24) and shims (22) in accordance with T.O. 2G-GTCP85-53-5.

(ae) Repeat steps (p) through (ab).
(af) Mark dimension J recorded in step a.(5) with industrial marking ink (53-52).

0
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(2) Balance rotating assembly.

NOTE
Tools called-out in the following procedures are for use with a standard IS or
13S Gisholt balancing machine.

(a) Place 256377-3-insert assembly on balancing diameter A, figure 3 and 256377-11 insert assem-
bly on balancing diameter B.

(b) Install rotating assembly, 256377-3 insert assembly and 256377-11 insert assembly on balanc-
ing machine.

[CAUION

Do not allow-the rotating ossembly to rub the supports or half bushing ends.
Keep the rotating assembly level and use end stops to prevent rubbing.

(c) Using.284383-1-1 driver assembly, spin the rotating assembly on the balancing machine.
Record the amount of the unbalance and locate the angles-of planes-U and-V, figure 3.

(f) Remove the rotating assembly from the balancing machine..

757
16 Change 8



T.O. 2G-GTCP85-53-8

N WP 003- 00

WARN ING

Grinding operations create metal particles which
may enter the eye. Wearing of goggles/face shield
is required. Ventilation requirements will be
determined by the base Bioenvironmental Engineers.
Respiratory protection will be determined by the
base Bioenvironmental Engineers.

Machining operations create metal particles which
could enter the eye. Safety goggles shall be worn.

NOTE

All surfaces where-material is removed must blend
smoothly and have a surface finish of 63 micro-
inches or better. Corners and/or edges must not be
sharper than 0.005 to-0.015 inch radius.

.(g) Machine or grind 4o remove material from planes U and V, figure 3, as
required. Remove Paterial in the following sequence steps (h), (i), (j) at
the locations recorded in step (c).

(h) Remove material from wheel in area 1 until balance is 0.007 ounce-inch.

(i) Remove material from area 2 within limits of dimension BL.

(j) Remove material from area 4 within limits of dimension BM.

NOTE

Use 281461-1 filing assembly for best results and
control of material removal from detail A.

(k) Using 281461-1 filing assembly, remove material from area 3 within limits
of detail A.

(1) Recheck balance in accordance with steps (b) through (e).

(m) Remove the rotating assembly from the balancing machine.

(n) Perform nor-destructive inspection of reworked area in accordance with T.O.
33B-1-1.

(o) Corrosion treat reworked area in accordance with T.O. 1-1-2.

(p) Tag rotating assembly as BALANCED and package in accordance with MIL-P-116.

S7817
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(3) Install new exducer. (See figure 3, sheet 2.)

(a) Check exducer blade leading edge to see if corner has been removed. Those exducers not
having corner removed will be reworked maintaining specified limits of dimension BQ and
angle BR prior to being installed on turbine wheel.

(b) Stack parts, wheel, exducer and new ring and tap with soft hammer to ensure all parts are
properly seated.

(c) Check for parallelism. r'7otate exducer on wheel to get best parallel position.

(d) Align thr wheel, ring and exducer in 287216-1-1 holder and driver assembly so that misalign-
ment of wheel and exducer blades is within limits of dimension X.

(e) Recheck parallelism and tap exducer to assure all parts are p~operly seated.

SCAUTION

Do not-exceed 200,000 pounds force.
(f) Press assembly together by gradually applying an axial force to a maximum of 200,000 pounds

force. Press in one continuous operation at a minimum pressing rate of 30 seconds to speci-
fied limits.

(g) Dimension X is measured at four equally spaced locations around circumference of rotating
assembly. Dimension X shallbe within specified limits.

(h) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(i) Apply corrosion preventative compound (53-31A) to reworked area.

(j) When exducer and wheel are assembled, machine or grii.d contour of exducer blades to wheel
vanes using table of coordinates.

(k) Balance in accordance with step h.
h. Balance Turbine Rotating Assembly. (See figure ,1.)

NOTE

Tools called out in the following procedure are for use on a standard IS or
13S Gisholt balancing machine. Equivalent balancing machines and applicable
tooling may be used. i

(1) Deleted.

(2) Using 280994 support assembly, mount turbine rotating assembly in balance machine.(3) - .." ..........

jp~on-jet air type balancing machines are to be rotated at approximately 1200-rpm. I
(4 ) , . . . L ... u , . , w IL n din l . . . . -1 %..
(5) Material may be removed to obtain balance in the following sequence.

(a) Material may be removed from surface C (area 1) within limits shown.

I All surfaceo where material has been removed shall blend smoothly and have a surface finish
of 32 microinches or better. Corners of edges shall not be sharper than 0.015 inch radius.

(b) Material may be removed from surface K (area 2) within limits shown.
I All surfaces whcre material has been removed shall blend smoothly and have a surface finish

of 32 microinches or better. Corners of edges shall not be sharper than 0.015 inch radius.

(6) Apply corrosion preventative compound (53-31A) to reworked area.

(7) Package in accordance with MIIL-P-l !; to lmreviit dL;imaget.

696327 0
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I NOT TO EXCEED DEPTH WHEEL ..

OF BALANCE RING

SURFACE C XUE

(AREA 1)
RAD CC

-DIM. CB
DIM. CD--

I -DIAMETERS A NSURFACE K

-DIM. CE

DIA CF RAD CG DM.
- -DIM. MV

DETAIL BU

-PPLANE N

1-19A-9293

DIA A- -0.9844 to-0.9846 inch DIM.-CD 0.125 inch maximum
DIM. H 3.950 to 3.975 inches DIM. CE -0.298-inch maximumDIA CA 1.30- inches minimum DIA CF 3.00 inches minimum-DIM. CB -0.25, inch, maximum -RAD- CG- 0.250 inch minimumRAD CC 0.250 Inch minimum, DIM. MV 0.060 inch maximum

Figure 4. Turbine Rtkting Assem, lY low bini~g Assern bl - lin lalluri g

O 6.96327
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6. PARENT METAL.

Nomenclature Material Specification

First Stage Compressor Impeller Assembly
Wheel

378101-3 Aluminum Alloy 2214-T6
378101-70 Titanium Ti-6A-4V AMS4928

Indtcers Titanium Ti-6A-4V AMS4928

7. REPAIR.

a. Repair Inducers and Wheel.

(1) Blend minor~nicks, scratches or burrs in accordance with WP 003 00.

(2) Corrosion treat reworked area in accordance with WP 003 00.

(3) Balancein accordance with-step c.

b. Repair Inducers. (See figure 1.)

(1) Repair-cracks, erosion or wear on contour.

(a) Damage and/or cracks may be blended by machining, grinding or by hand using abrasive cloth
(53-2) maintaining limits of dimension AA.

(b)- Corrosion treat reworked-area-ih accordance withWP 003-00.

(c) Balance in accordance with step c(1).

(2) Repair damaged blade leading edge.

(a) Damage and/or cracks may be removed by machining, grinding or by hand-using abrasive
cloth (53-2) within limits of dimension AB and radius AC. Leading e~lge shall have full radius.
Material removal shall be done equally'to both inducers.

(b) Corrosion treat reworked area in accordance with-WP 003 00.

(c) Balance-in accordance with step c(l).

c. Balance Inducers and Wheel. -(See figure 2.)

NOTE
Tools called out in the following procedure are for use on a standard 1S or
13S Gisholt balancing machine.

(1) Balance inducer in accordance with-WP 003 00, paragraph 7s. (Inducers and Wheel Part No.
378101-3/70 can be-balanced-as a rotating group in accordance with T.O. 2G-GTCP85-53:8, WP-003
00.)

(a) Install inducer on a mandrel selected from 281583 mandrel assembly and place in standard
balancing machine using two 256377-7 inserts.

(b) Using 284383-1-1 drive assembly, -start balancing machine and check dynamic balance. Balance
must be within-0.0030 ounce-inch in planes L andM.

378101
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WHEELDIM. AA

CONTOUk

;4 -SPINESDIM. 
AS

RAD AC .LJ1FULL RADIUS IBLADE
LEADING EDGE

WITH LEADING EDGE (TYP)BLN AISSOTL

TYPICAL INDUCER REPAIR

I-19A-a540

DIM. AA 0.020 inch maximum -RAD AC 0.035 to 0.045 inch-
DIM, AB-0.120 inch maximum-

Figure 1. First Stage Compressor Impeller Asscnibly (In.pcller Assembly)- Repair

.378101
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AREAB 55DM.OF -

RAD S14 (tYP AT CORNERS)

ODIM. BE

DETAIL A ~ BALANCING

RAD~IDUE DIM 0.6InhIIiu.DM M 0.8 nh iiu

D7810 763-9-85
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(c) If balance cannot be done in accordance with detail A, plane L can be-cut back to dimension
BM to re-establish dimension BK.

(d) Remove material, if required, maintaining specified limits to obtain balance-requirements.
Reworked areas must blend smoothly with a finish of 63 microinches or better. Cut sharp
corners or edges to radius of 0.015 inch or-greater:

-1 Install inducer in 281460-1 holder assembly to remove metal from areas BB between inducer
blades.

2 Use 281461-1 filing assembly to remove metal from area in detail A.

(e) After dynamic balance is complete, check static balance at 180 degrees. Unbalance shall not
exceed 0.020 ounce-inch-in plane L and 0.025 ounce-inch in plane M.

(f) When balance requirements have been met, remove balancing setup.

(g) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(h) Corrosion treat reworked area in accordance with-WP 003 00.

(i) Package in accordance with MIL-P-116 to prevent damage.

(2) Balance wheel in accordance with WP 003 00, paragraph 7s.

(a) Install wheel on a mandrel selected from mandrel set and place in -standard balancing machine-
using two 256377-7 inserts.

(b) Using a 284383-1-1- drive assembly, start balancing machine and check dynamic balance. Bal-
ance must be within 0.0025 ounce-inch in planes W and X. I .e.

(c) Remove material, if required, in areas BA and BB maintaining specified limits to obtain bal-
ance requirements. Rewirked surfaces must-blend smoothly to finish of 63-microinches or
better. Cut sharp corners or edges to radius of 0.015 inch or greater.

(d) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(e) Corrosion treat reworked area in accordance with WP 003 00.
-(f) Package in-accordance with MIL-P-116 to prevent-damage.

0 378101
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-WP 004 00-

SHAFT ASSEMBLY, -COMPRESSOR

PART NO. 37-1690-10

1. NDI REQUIRED. Optional.

2. APPLICABLE SUPPORT EQUIPMENT None.

3. -REFERENCE MATERIAL REQUIRED.

Non-Destructive Inspection (NDI) Requirements WP 005-00 This Manual
Repair Instructions, Depot Maintenance Manual T.0. 2G-GTCP85-53-7,

WP 003 00,1 004 00
Standard Practices WP 003 00 This Manual-

4. -CONSUMABLE MATERIALS. None.

5. :ILLUSTRATED-SUPPORT EQUIPMENT. None.

DIAD

ODIAA SPLINE ------ DIM. PIN

1-19A-8037

Figure 1. -Compressor Shaft Assembly (Shaft Assembly) -Inspection

.371690
Page Iof 3
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6. INSPECTION PROCEDURE.

Serviceabl e Reparable -Corrective
Inspect Limits Limits Action

NOTE

Spline wear measurement shall be made only if
visual inspection indicates wear.

If cracks are suspected during visual inspection,
mark area (refer to CAUTION prior to paragraph 7.a
in- WP 003 00) and perform magnetic particle inspec-
tion in accordance with WP 005 00. If all- inspec--
tion requirements have passed, part will be consid-
ered serviceable.

a. Visually

(1) Cracks No cracks- Replace shaft
allowed. assembly.

(2)- Diameters A through No damage Repair in accor-
E for scoring and allowed. dance- with T.O.
gouging. 2G-GTCP85-53-7,

WP 004 00.

(3) Spline's cracked, No damage Replace shaft
broken or chipped. allowed. assembly.

(4) Threads

(a) Cracked, broken, No damage Replace shaft
crossed or stripped, allowed, assembly.

(b) Dry film lubricant. No damage Repair in accor-
allowed, dance with T.O.

2G-GTCP85-53-7,
WP 003 00.

(5) Loose, missing or No loose, Repair in accor-
damaged pins. missing or dance with T.O.

damaged pins 2G-GTCP85-53-7,
allowed. WP 004 00.

371690
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WP 004-o-0

Serviceable Reparable Corrective
Inspect Limits Limits Action

b. Dimensionally

(1) Diameter A 0.8695 to 0.839 inch Repair in accor-
0.8700 inch. minimum, dance with T.O.

2G-GTCP85-53-7,
WP 004 00.

(2) Diameter B 0.7872 to 0.757 inch Repair in accor-
0.7876 inch. minimum dance with T.O.

2G-GTCP85-53-7,
WP 004 00.

(3) Diameter C 1.1570 to 1.127 inches Repair in accor-
1.1574-inches. minimum. dance with T.O.

2G-GTCP85-53-7,
WP 004 00.

(4) Diameter-D 1.624 to 1.595 inches Repair in accor-
1.625 inches. minimum, dance With T.O.

2G-GTCP85-53-7,
WP 00400.

-(5) Diameter E 0.8669 to 0.83T inch Repair in accor-
0.8674 inch. minimum. dance with T.O.

2G-GTCP85-53-7,
WP 004-00.

(6) Dimension F 3.750 to Replace shaft
3.760 inches. assembly.

(7) External splines. 0.007 inch Replace shaft
maximum wear. assembly.

(8) Internal splines. 0.007 inch Replace shaft
maximum wear. assembly.

371690
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-DIM. P
.'PRFACEH(REF)

HAND FINISH FULL RADIUS ON LEADING EDGE

REMOVAL OF MINOR DAMAGE
1,__-"ONLEADING EDGE/CONTOUR

DO NOT SHOT PEEN PILOT DIAMETER LEADING EDGE RADIUS

SECTION A-A

SHOT PEEN j DIM . F

' -- DIM. L

O____"H SURFACE G

0C SURFACE H
-A .002 TA-

DIA 7

32A @ A I.0T1

CHAM N
CHIAM M

SURFACE K

SURFACE J

DIM. 0-.

-i-DIM. 0-

-K-

J_ I .00MTit -19A-1030

Figure 1. Second Stage Comnpressor Imnpeller (Impeller) - Repair

O -372556
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Dimensional Limits f6r Figure 1

DIA A 1.1570 to 1.1572 inches CHAM M * 40 to 50 degrees by

DIA B 4.351 to 4.357 inches - 0.045 to 0.55 inch

DIA C 6.595-to 6.605 inches CHAM N 40 to ;Odegrees by

DIM. D 1.972 to 1.982 inches 0.040 to 0.060 inch

DIM. F 0.649 to 0.659 inch DIM. P 1.736 inches minimum

DIM. L 0.025 inch maximum DIM. Q 1371 to 1.781 inches

(2) Repair damage to leading edge, surface H greater than 0.010 inch but less than 0.035 inch.

(a) Machine or grind surface-H to remove damage maintaining limits of dimension P.

(b) Finish leading edge, surface-I, to a 4:1 elipse, true within 3.5:1-to 4-5:1, centered on blade

contour with minor axis equal to the blade thickness.

(c) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(d) Corrosion treat reworked-area inaccordance with WP 003 00.

(e) Balance in accordance with step d.

(3) Weld'repair contour or leading-edge damage greater than 0.035 inchbut less-than limits of

dimension L.

(a) Removing the minimum amount of base material to-clean up defects, machine or grind sur-

faces G and/or H within limits of dimension L.

(b) Weld surfaces G and/or H in accordance with T.O. 1-1A-9 and T.O. 34W4-1-5 using weld rod

(53-78).

372556
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(c) Machine or grind surfaces G and/or H maintaining original contour and specified limits of
dimension Q and diameter C.

(d) Finish leading edge, surface H to a 4:1 elipse, true within 3.5:1 to 4.5:1, centered on blade
contour with minor axis equal to blade thickness.

(e) Hand finish to remove excess weld. Welds shall blend smoothly with existing blade surfaces
including leading edge radius.

(f) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(g) Balance in accordance with step d.

(i) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(j) Shot peen repaired area as specified in accordance with MIL-S-13165 using steel shot (53-101)
to achieve intensity 0.004 to 0.006 Almen A2 in designated areas. Resultant shot peen flash is
permissible

(4) Grind contour of impeller blades using table~of coordinates in figure FO-1, balance in accordance
with step d.

(5) Corrosion treat reworked area in-accordance with WP 003 00.

b. Repair Diameter A.

(1) Machine or grind diameter A, not to exceed 1.177 inches maximum.

(2) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

I i O N 1

No overspray allowed on surfaces J and K.

(3) Plasmaspray in accordance with T.O. 2-1-11i to a minimum diameter to 0.153 inch- using metal
spray (53-98).

(4) Machine or grind diameter A maintaining specified limits.

(5) Machine or grind surfaces J and K maintaining limits of dimension D, perpendicularity and
parallelism.

(6) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(7) Corrosion treat reworked area in accordance with WP 003 00.

(8) Balance in accordance with step d.

.372556
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c. Repair Surfaces J and K.

(1) Machine or grind surfaces J and K maintaining limits of dimension D, perpendicularity and
parallelism.

(2) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(3) Corrosion treat reworked area in accordance with WP 003 00.

(4) Balance in accordance with step d.

d. Balance. (See figure 2.)

NOTE
Tools called out in the following procedure are for use on a standard 1S or
13S Gisholt balancing machine.

(1) Balance in accordance with- WP 003 00, paragraph 7s.

(2) Install impeller on 281128 mandrel and using two 256377-7 inserts, place on balancing machine.

(3) Using 284383-1-1drive assembly or belt drive, direct air on the impeller blades.

(4) "" " " "

(5) Remove material, if required, within specified mits to obtain balance accuracy. Blend all
reworked surfaces smoothly to 80 microinches finish or better. Cut sharp corners or edges to
radius of 0.015 inch or greater.

(6) Perform non-destructive inspection of reworked area in accordance with T.0. 33B-1-1.

(7) Corrosion treat reworked area in accordance with WP 003 00.

(8) Package in accordance with MIL-P-116 to prevent damage.

372556

77/ 75

L'



T.O. 2G.GTCP85-
5 3 -7

WP 004 00

P1 ANE L--

DIM. AA

DIM. A1 1 MATERIAL-MAY BE REMOVED FROM

THE BALANCING RING.
00 NOT CUT INTO. BACK FACE

OF IMP5ELLER.

pLANE M

DIM. AC

. MATERIAL MAY BE-REMOVED FROM

rAD AD THIS AREA ON THE PRESSURE SIDE

OF THE BLADES. DO NOT EXCEED
o.010 INCH IN DEPTH.

IM. AF- '

DIM. AF i119A-8031

DIM. AA 0.0B5 Inch n**Mn RAD AD 0,30 Inch minknum

DM. AB 0.60 inch basic DIM.-AE 0.13 inchminknum
DIM. AF 1.147 inches maximum

DIM. AC 0.32 inch MirniunDe

Figure 2. Second Stage Compressor Impeller (Impeller) Balance

372556
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T.O. 2G-GTCP85-43-7

WP 00400 0

e. Repair Surfaces F and K. (See figure 1.)

(1) Machine or grind surfaces F and K maintaining limits- of dimension-E.

(2) Perform non-destructive inspection of reworked area in accordance with T.O. 33B-1-1.

(3) Corrosion treat reworked area in accordance with WP 003 00.

(4) Balance in accordance with step f.

f. Balance. (See figure 2.)

NOTE
Tools called out in the following procedure are for use on
a standard 1S or 13S Gisholt balancing machine.

(1), Balance in accQrdance with VWP 003 00, paragraph 7s.
(2) Install impeller on 281892-1-1 arbor, torque nut to 50 inch:pounds-and place in balancing machine.

(3) Direct air on the impeller blades using 284383-1-1 drive assemblyor belt drive.

(4) Balance shall be within 0.004 ounce-inch in planes'V and W.

(5) Remove material, if required; within specified limits to obtain balance accuracy. Blend surface to I
63 microinches finish or better. Break sharp edges to-0.015 inches radius or greater. U

(6) Perform non-destructive inspection of reworked area in accordance-with T.O. 33B-1-1.

(7) Corrosion treat reworked area in accordance with WP 003 00.

(8) Package in accordance with MIL-P-116 to prevent damage.

7 73 698193/966569

Ciange 4 127/(128 blank)

. . .... .. ... .~ - - .- ~



T.0. 2G-GTCP85-43-7

WP 004 00

--- PLANE W

-DIM.-AB IM. AA

-PLANE V-

MATERIAL MAY BE-REMOVED FROM
SHADED AREA FOR BALANCE.
DO NOT EXCEED LIMITS SHOWN. RDA

MATERIAL MAY BE REM OVED
FROM LEDGE-FOR BALANCE.
DO NOT EXCEED DASH LINE.

1-19A-8627

ONM. A -0'.88 inch miifnuii DIM.- AD 1.20 inches-minimum
DIM. -AB, 3.00 iiiches iiihrimRAD:AE 0.-05 inch mi-nimum

Tigure 2. Second Stage Compressor Irnpei1dr {Impetler) B alanre

'69819-3/-966569-
Page 1

= - -77%!131/(-132>-blank)



T.O._ 2G-GTCP85-43-7

WP 004 00

(2) Repair bent blade tips.

(a) Use- arsuitable device to straighten bent wheel blades.

(b) Inspect Wheel blade for a bend line. No bend lines are permitted.

(c) Perform non-destructive inspection of re'worked area in accordance with T.0. 33B-1-1.

(d) Apply corrosion preventative compound (43-30A) to reworked area. I

(e) Balance in accordance with step j.

i. Repair Wheel Contour Damage. (See figures 1-and 3.)

(1) Machine -or grind damage on surface G maintaining specified limits and table of coordinates.
Surface G shall have a finish of 63 microinches or better.

(2) Hand finish edges to blend into existing surfaces maintaining limits of radius BF.

(3) Perform non-destructive inspection of reworked area in accordance with T.0. 33B-1-1.

(4) Mask gap between wheel and exducer. Shot peen reworked area-in accordancewith MIL'S-13165
-using steel-shot (43-95) to achieve -intensity 0.004 to 0.006 Almen A2.

(5) Remove masking and masking residue from between wheel and exducer.

(6) Apply corrosion preventative compound (43-30A) to reworked area. I
(7) Balance in accordance with step j.

j. Balance-Wheel and Shaft Assembly. (See figure 4.)

NOTE
Tools called out in the following procedures are for use on a standard IS or 13S
Gisholt balancing machine.

(1) Balance in accordance with WP 003 00, paragraph 7s.

(2) Using 281889-1-1 cradle, mount wheel and shaft assembly in balance machine.

(3) Balance~shall be accurate within 0.0,16,ounce-inch in plane X and 0.014 ounce-inch in plane W.

(4) Material may be- removed to obtain balance in the following procedures.

(a) Material-may be removed from surface Y maintaining limits of diameter CA and-dimention CB.
-Blend surface to 63 microinches finish or better. Break sharp edges to 0.015 inch radius or
greater.

(b) Materia!=may be removed from surface-Z to obtain balance. Blend surface to 63 microinches

finislhvor better. 'Break sharp edges to 0.015 inches radius or greater.

(c). Perfornm non-destructive inspection of reworked-area in accordance with T.O. 33B-1-1.

-(d) Apply corrosion preventative compoundo(43-30A) to reworked area,

(5), Package in-accordance with MIL-P-H6 to prevent-damage.

3604604/3606982/968095

Change 4 53



. T.O. 2G-GTCP85-43-7

WP 004 00-

DIM. CB

WHEEL

MATERIAL MAY BE -REMOVED FROM
THIS AREA' FOR BALANCING. DOPAN
NOT REMOVE BALANCE RING
MATERIAL- PAST THE CONTOUR OF
THE WHEEL.

SHAFTSUFCY

0 IA

MATERIAL MAY-BE REMOVED
FROM THESE AREAS FOR
BALANCING. 00 NOT EXCEED
SHADED-AREA

DIA CA 1.600'INCHES MINI.1A89
DIM GB 4.580 INCHESIMIN I1A88

Figure 4. Turbine Whetel and Shaft Assembly (icel uad Shaft Assembly -h Blancing Repair

0 3604604/3606982 /965095
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iDX M ODEL 2311 content for subsequent transmission to a pro-
grammable controller or host computer.SYSTEMThe Model 2311 Readers transmit UHFSTEM -signals to their Antenna. These signals activate
IDX Tags moving through the Antennas field

Solutions for the most of view. The Tags then respond with a unique

challenging automatic coded signal that is transferred to the Reader
, g g-for processing. Once decoded and validated,

identification problems. Tag data content is transmitted to the host via
an industry standard RS232C communications
interface.

SYSTEM FEATURES The Model 2311 System offers the leading

o An automatic identification system state-of-the-art solution to industrial automatic
for the, harshest industrial identification-problems not easily handled by
foen r et ioptical, magnetic or other radio frequency
environaments. techniques.
o Reliable performance even when ID
Tags are obscured by non-conductive SYSTEM OPERATING
material such as dirt, grease, mud, PARAMETERS
,plastic. and paintO Totally passive Tag that requires no, Capture Window.
on~board power, batteries or external- The "capture window" is' the portion of the
electrical connections. conically shaped UHF field generated by One

Model 2311 ReaderlAntenna in which an IDX
Tag can be-read. Transmit power and distance

-!sySTEM DESCRIPTION (range) from-the Antenna to the Tag dete.nine
its effective area. The greater the range, the

The IDX Model 2311 System incorporates a larger the window. During applications

compact, passive identification Tag and a-micro analysis, the desired dimensions of the "ctp-

processor-based Reader with Antenna. The ture window" must be precisely defined.

system is designed to provide reliable iden- Tag Speed
tification of-raw materials, work-in-process and The Model 2311 System requires several suc-
finished goods in a-wide variety of factory and cessive identical responses from a given Tag
distribution applications, prior to validation and transmission to the host

IDX Tags contain a proprietary CMOS chip computer. The number of responses that can
that is factory programmed or field programed be obtained from a Tag depends upon the size
With up to 20 characters. Depending on the ap- of the "capture window" and the speed-at
plication, the Tags-are packaged in high impact which the Tag moves through that "window."
polycarbonate or high temperature ther- For example, at a range of one (1) foot, the
moplastics. The Tags are designed to provide Model 2311 System will reliably handle Tag
years of reliable service in the most demanding speeds of up to "10 feet per minute. At a range
indushi! environments. They are ideally of two (2) feet, the System wiii accommodate
suited for identifying high unit value products speeds of up to 180 feet per minute. (he D;"
and can be permanently attached to such cap- transportation systems are capable of reH.,i,-

tive product carriers as tote boxes, pallets, con- identifying Tags moving at speeds in exc'.,

tainers and trolleys. 120 miles-per hour.
The Model 2311 Reader is a solid state device

designed for installation on the factory floor-or Tag COrientation/Spacing
outdoors in the toughest environments. For optimum performance, [DX Tags should
Through a cable linked antenna, the Model be mounted in parallel with the Model 3300
2311 captures, decodes and validates Tag data Antenna. At limited ranges and corresponding-

77g?



Oly smaller "capture windows", alignment TYPE A
should be within +/- 15 degrees to ensure a 4006 TRANSPORTATION
maximum-number of responses from the Tag TAG
ais-it passes by the Antenna. Alignment

becomes less critical as range increases. - -

Typically, Tag spacing should be-twice the Dimenlsions 8.25" V' .x.ti k A' 15%

distance between-the Antenna and the Tag; for Weight Wqi.%e ama a range of
on ot ags shouid Enlsr i o .c .i "tbe -spaced at least -two Operating -400 tok

feet apart as they pass Temperature
the Antenna location. Electrical TotalyPar:. v.

Data Capacity Up to 20 .clers.
Range Antennallag -Up to L

0MQD,'L Speed Lp to 125 - U.etv-per Hour.

231" Built of high impact poliicarbonatethe Trapieportation 1ig
1-12ADER thrives in-the toughest ennironunents, as continued byj U.S.

Governmient sponsoredw :, These indelp-ndent studies
show, near perfect perfonnance under harsh itonditions at

Dimensions 24"N X W9W X 10"D speeds in-excess of 120 MPH.

Weight 76 Lb-
Housing NEMA-TYPE-12TYE H
Operating Temp Oc +60c 4300 HIGH-
Power Rcqu4-t. m:s 120 Volts,501601-z 1.5 Amp TEMPERATURE TAG
RIF Chara:11lstics Transmit 915 Mhz _______________________

Receive 1830 Mhz: Dimensions- 7H x 2,25'1Y x .5"D
Communlicatlons Serial ASCII, RS232-. 422 Wight 15-0Z
Interface or 20 mA Current Loop. nosrUteHihem pltc

The 2311 Reader is designied to operate in the miost
rigorous environments where optical scanning does not Ope61 Ii 40 +0
work or is not dependable. TeinP6e;Iuie

Storage Temp-Range Up-to-2000

-Electrical Passive. Nio internal Power

M DLData-Capacity 20 Alpha Numeric
MODE i~.~--~Characters

3300 Using Ultem Plastic as the printed cirruit Nmurd sutrfate
ANTENNA cA-ft lrn::~ tur Tag can withstand Itmperiturtvs rq'

(degreesC C2 plitiatimn, include paint myn. ac
Dimensions 8"H x 7"W-x 2"D- .41 s where opdtal labl-s uaulmt ~iasimntrrate.
Weight 1.5 Lbs
Housing Neffna Type i2("r-c

Operating Temp -40c to +70C

Tme Model 3300-Autemnot anM be used in a number of
transportation and industrial applications. The Antenna IDEt4TRONIX, Inc.
is compact. simple in design and geared for the toughest 1718 Soqual Avenue 0 Santa Cruz. CA 95062Uidentification requirenment. 4081427-:248 0 Telex 351434



READ/WRITE SYSTEMS both the transmit and receive antennas etched
on one nrinted circuit board. The antenna can

9300 SERIES. be mounted either below, along side or above
th Ipath that the Tags travel.

FEATURES Tag: This small, battery powered device stores-
up to 2K bytes of data. The Read/Write tag-is

0] ReadlWrite capability activated when it enters the antenna's RF-field L
Sno touch se n (at which time information can be r'ead-from or

Song Range, no t hsensing (up wrten into-the memory.
to 3 feet)

0 Hardened design for tough in-
dustrial environments.
O Interfaces with programmable con-
trollers and computers.

ABOUT THE COMPANY
DESCRIPTION IDX is the recognized -leader in Radio Fre-

The IDX ReadlWrite System is a quency Identification Systems. Based in Santa
micraFrocessor controlled RF identification Cruz, California, IDX specializes in providing
system. It-possesses the capability of bi- reliable and dependable solutions to automatic
directional remote-data transfer and storage to identification problems not readily addressed
ar ID Tag. This System allows real-time up- by optical, magnetic or other radio frequency
dating of process information such as material methods.
assembly, task completion, quality control test The IDX Tag, Reader and Antenna are
results and additional-data as a specific article ;iesigned to withstand extremely difficult in-
moves through,a manufacturing or assembly dustriJ environmental conditions. The com-
operation. pany is dedicated to providing quality products -

geared for the toughest identificationOPERATION- challenges.
In operation, the-lDX ReadlWrite, System

emits a low-power UHF pulse signal that
energizes the Tag. A coded command block is
sent by-the controller containing the operation
to be performed (read or write), the starting
address, and the block size. The Tag responds
witih an encoded status-byte containing
menory integrity information and other
diagnostics. The controller-then sends the data
to be-written, in-the case of a write command,
or receives the data being-sent by-the reader,
in the case of-a read. The tags hold up to 2K
bytes of data and can be programmed at ranges.
up to 3 fet.

EQUIPMENT -OVERVIEW
Controller: The microprocessor-bised controller
sends and receives-high frequency, low-power
signals to the Antenna. The controller is
designed to connect to either a host or pro-
grammable controller (PC).
Antenna: The dipole Antenna is attached to IDENTRONIX, Inc.
the Controller via low loss cable. It contains -1718 Soquel Avenue 0 Santa Cruz, CA 95062

4081427-2248 0 Telex 351434
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A Unique RF System
Featuring A Totally
Passive Tag...
* L-ong range-remote identification

(up to five feet)
* Real-time and accurate information

* Flexible interface to programmable
controllers and computers

* Seif-diagnostic capabilities

DESCRIPTION
The Radio Frequency (RF) Identification
systenvis designed for Automated
operation. It is used to automatically
identify, monitor.,verify and control
material flow.

The RF system is designed for industrial
factories, warehouses, distribution
center4 and foundries. It uniquely
identifies remote products at distances up
to five feet awayand can survive in h

temperature environments. It is virtually
unaffect-ed by-conta mifln materials
such as dirt, paint, dust, grea~e anq other
non-conductive materials. V o rb

This system's communications interface
to host computers, programmable
controllers and intelligent terminals.
-It provides input for management
reporting as well as on-line control of
-tagged item movement.

Reader-The microprocessor-based
reader transmitt and receives high
frequency low power signals from
the ahtenna.-It decodes and verifies
tag data content and transmits it to
the host computer.

Antenna--The antenna contains both
the fransmit and receive antennae and
connects to the reader via coaxial cables.

Tag-The ID tag is a totally passive device
that powers itself from the antenna's RF
energy. It is factory programmed with
a six digit code.

66 low ,
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-ALL.~ temperature apoiqatofis
U0

Assembled on Open Type Panel 4- -~~. ~~. For ease of installation ugfCrd
N ~ ~~ 4 uCard*R~m~ J ~ .

S NEMA Type 12 Enclosure d -. I'rdFo pto5fotrage
S For industrial use and lockable to .;.-E

. prevent againe -izauthorized entry VAE

~ J CPUJ Indicator Ughti;
Optional

Power Uight Standard '.

Indicates power on wth
door closed iASCII 232 42 tc.c

Plug 42 in cetrsrn t 'U-111V C.Vt o r.:
For led- power access ' c IAntenna Cables

Available in 20, 50 and
10oot lengths-.

APPLICATION 0 Tote boxes The system provides reliable tracking
The RF System is ideally suited for 9 Containers throughout the manufacturing, assembly
identification of industrial products or * Pallets or distribution process.
carriers such as: * Trolleys
0 Auoassemblies Litruk



OPERATION
When a tagged object enters the radio .
frequency (RF) field generated by
the reader and its antenna, the tag
is interrogated and its circuitry is
activated. It transmits a programmed 2 0
six-digit code that is read by the
microprocessor-based reader. The
reader decodes this information and
sends an output to a host computer,
logging device or programmable
controller for the appropriate action, -.

response or recording. HO". .A.
In addition, the reader provides . .... : READER . ANTENNA7-'..
information for system analysis and . . .. .. --- .... ...
troubleshooting. The message format
includes location, time, and other
diagnostics information. SPECIFICATIONS

TAG ORIENTATION Power Requirements: 120 Volts, 50/60 Hz
For optimum performance, tags should 1.5 Amperes
be traveling perpendicular to the arrows Operating Temperature: 00C to +60cC
on the face of the antenna. The long Output: Serial ASCII RS 232,422 oraxis of the tag should be parallel to 2mA current loop
the arrows on the face of the antenna. 2

Baud rate: 110 to 19.200 selectable
.... Enclosure: NEMA Type 12

. Approximate Weight: 76 lbs.
Approximate Dimensions: 24"Hx18"Wx10"D

Transmit Frequency: 915 MHz
Receive Frequency: 1830 MHz
Operating Temperature: -40 0C to +600 C
Approximate Weight: 1.5 lbs.
Approximate Dimensions: 8'Hx7'Wx2"D
Attenuator (Separate): Refer to selection guide
Cables (Two required): 20. 50, or 100-ft. length
- '' "- .?" "-- - TAG:

Power: Passive
Range: 5-feet maximum

Temperature:
Operating /-4O 0Cto +70 0C
Non-operating L -40 0C to +85 0C(Extended

temperature ranges available)
Available Codes: 6-Digits"00001 -999999)
Approximate Weight: 3.5 oz.
Approximate Dimensions: 2"Hx7.5"WxI"D

ALL PN--BRADLEyII1u& %1~(~3J~

Publication 2750-1.0-February, 1984
Supersedes Publication 2750-1.0 Dated April. 1983
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MACHINE SHOP/IN-HOUSE MACHINE CELL ANALYSIS

Machine, Sho Coll Analysis.-

A requirement of this Task Order was performance of a
f-ih? ! y -udy of flexih!e cell manufacturing- capability in the. SA-
AL. machine shop (previously MATPNC, -et al). As mentioned in -my

ringineering notes of 7/25/90, it' was readily apparent that- the

existing Numerically Controlled (NC) machining operations did not
have the workload to justify a cellular structure. This was
unfortunate, as these operations are mainly manufacturing, and
therefor similar to those commonly seen in a flexible -cell machining

center. The classical use of flexible cell manufacturing is for high
volume ...,d/or geometrically similar workloads. Unfortunately,
most depot NC -machining -operations are of a limited, small batch

nature. Even wh,,re relatively large production batches are required,

these are almost always a "one-time demand", and such workloads

would not be maintained over a number of years.

Upon further examination, the remaining, machine shop
workloads were, found to be of a repair-as-required (RAR) nature,

and therefor -do not readily lend themselves to flexible cell

structuring. This is due to the highly variable nature of the kind and

degree of repair required.

It appears- that the present production practice in this area is

the dedication, of manpower and machines to a particular
component's repair. Basically, one, machinist, and- one or more
machines, are assigned to a specific component. Other components

would not normally be repaired using these resources. This
naturally removes -the need to set up and tear down equipment, and

more importantly, it indicates a relative abundance of resources to
process the workload.



Many research studies have suggested -modelling Flexible
Manufacturing Systems (FMS) as closed queuing systems-- that is,
queuing systems with a fixed number of units, and no input or output.
The justification for this approach is that many real FMSs are
maintained at a constant level of work-in-process (WIP). Whenever
a unit is removed from the system, another immediately replaces it.
The current SA-ALC machining, process, given both the variability
and unbalanced production -flow of the observed operations, would
not support this type of structured environment.

Based on these observations, our opinion is that the present
manufacturing workloads found in the machine shop do not readily
lend themselves to cellular machining practices. Granted, we were
unable to coordinate our efforts with engineering support personnel
for this area, and in this regard our recommendations may not show
consideration of all future ALC production practices. Still, I feel
that the logic of our argument is fairly straight forward, and
represents valid reasons for not implementing such practices in this
area at this time.

In-house Machine Cell Analysis -

Having said the above, I would like to propose a situation
which w make such cells feasible. I am speaking of moving
machining processes, as well as several other processes, in-house. I
have mentioned in several places in my engineering notes the
-reasons why this should be done. These reasons will also be
thoroughly documented in the CSR for this Task Order. Basically, the
improvements in component quality and reduced flowtime should far
outweigh the expense and effort required in the actual movement of
these processes.

While it is difficult to determine the extent of improvements
in quality these changes would have, it is somewhat more easy to
determine the effect on reduction in flowtime. Using two different



simulation tools (the XCELL+ simulator, and the UDOS 2.0 simulation
model), I structured hypothetical in-house machining cells. While
the structure of these cells is simplistic, and the "flexible" nature
of the cell is only somewhat realized, I believe that the
possibilities are clearly apparent.

In structuring the cells I used the XCELL+ simulator to produce
a simple, two component machine repair center. As I was limited in
my structural and analytic capacity by the reiatively
unsophisticated -nature of this program, I also created a three
component cell usingthe UDOS model[ Both systems have something
to be said for them. While the XCELL+ version- does,.not approach the
power and accuracy possible in the UDOS model, it is useful for
gaining a graphical understanding of the- theoretical process. It is
also extremely useful in determining the placement of stock buffers,
the "on-screen" formation of queues, and the use of stock "triggers"
in- a production process.

The real weakness in both of these models has to do with the
highly subjective nature of the model inputs, both quantities of
components inputted and integral operation times. While these can
be argued, I do believe that the assumptions I made were sound, and
are based on production practices I have personally witnessed in
both private industry and the various ALCs. The historical
flowtimes we have observed in GTE backshop operations are
excessive by any standards; it is not be unreasonable to expect
production practices to conform to those such as I have shown. (The
exception would be certain single operation times, which could have
more variability due to the nature of depot repair. This is not a
significant argument, however, as operation times are only a small
portion of the overall flowtimes for present GTE processes).

In any case, I hope that the methodology, if not the actual
results, will be of use to our ALC teammates in their efforts to
bring GTE backshop workloads in-house. The XCELL+ model and
associated software will be delivered to Mr. Gonzales, and a briefing



on the format and analysis of this model will be performed at that
time. The results of the UDOS run, both the initial and stressed
(high inductions) models, are shown on the following pages. The
flow charts which follow the model output sheets provide a
graphical depiction of the flow of items in the theoretical machine
cell. These flow charts should not be considered as floor layout
suggestions. The complete models, with associated ops file, are
shown in appendix A of this report.

Please note that the flexible nature of such a cell is only
touched upon in this model. True flexibility would be gained from
grouping workloads, and structuring tear down and set up of
equipment in a logical fashion.

The final conclusion is that the structured -use of in-house
flexible cell machining -practices could significantly lower
ccmponent flowtime, while making -more effective use of existing
manpower and equipment.

3903



Iin Ii %Dl I

"I.
z tnI

-. , m ,,,2oo o ,,,2 2 , oo o

0 a1 .. 2.

, 1 . 2 ,t l : ( . ) *.I .i *t I
I , ,,IE

i0I ( 0 0c -) ,1J I

I,,.,o,, .:" " II [P 1oo(CY t,. n c' ..... . o

.3 1 Ed Id c,

c, > . 3 0 o -, o> ,I-,.a c> 0In oc> ;1 1

I, It • •€ ,2 2..2t ¢.O ,l?(. ,2.)l 2.2 0 ,.2,, 2 , UI~ 5: u .. . "rn " I---4.Ioo 0
1(4 02 -' '! tL2)2n PN0C

E-, , Il n.I In0

IC) ( . (,I ,- 0 AI"1

Ito x, or or c- '"" .8

It a2 )' 0 o. 0 1C a 3 I %- - ,I

' (2 ., 2 .:+o o..o:2:+ . I
" 2, 2 s+' ° " .... 2.3- I,.+ o

IC.,, ..-. , ,2,;-+-:o
0 a I s

I) t -00 0 I - '|" 1W W.' J ' CflC,2 . | II' r I

.n 1 4 .4 I- w In c I a a

"!: 911!°" 
0+  +i~ :'

cl x + -4l
o

I ,- ( '12 I 2II I2 c, a 0 Dw c- I2 tn 20 1 I u,,I; , ;~ .... 0 ::, ) I Ed ..,-, 02

4"... m' ... .. 3: L3 c4 .( , .+ , , :

0001

In -. I'" - 1. co " : It' 2"Ito o

I II| 1" -) (o ,4 -4 u. ,x I, (
I I I (2, I ( , .Xn

,n c3 o o' ID tn "  : .

SoI I a,2 Io 3 .0 %I1 L.r19 c- r! I!: o: a

0 ~~~~0 f4W ;c

• 2,..,'2- t ot '' N r

l2 I I I 2 2 2/2I2 I
,,1 v*. 2 , ,, , *. I 2,, . '

: .... ,, , ~ 11r' ,2( 2121 '22(1
2 .2 I ) 0I0 1 , 2-. I+ 2.1 1*'I-I *'o l

/  
("2

01 I I2

2 - .2. ! f. I. ... . I, ." . 2, I - I e c4 c . I04I 2 100.4(7.021+ 2 ,{,,1 2 I I .. ) 1I - , 11, , I ,-1I . 2.2(4 I • • 2. '('21 ":
if

I 2 1.1 1I

I 1,, 22)1-ri -. .¢2..
22' - I 0 0 0 0 0 2.I=I 2 2 I I 1- I I . I

1 o' . ) l 2 21 - it.. - I ( 1c I( I I

It,, I.' (. , :..(t...+ , 11- 1 0 ,If- tn.-# II C I tn-, ., t'2, I l~ ZZZZ,. 20I - w " I2 2 o n i ii{ ..2 ' # I 2 ( 0 f| 0. 2 " I lur3 -) l
Ij 3. 2 1 1-3 I I( 2 2lE 2 111 -222 2-~~~IUI ~ 17 ('0,0C II. 020- j 2  *fl) "~ '.232--

I~~~~~~~~~~~~~~~~~I It? .V:1 '2'~ ( .~ .. 
1

.~~I.1222 ~ 12.f 5-



cc CC

-aA

z

uw
L) a

LUL

l 0 -

D CC c-
0 C6 (I)

w LL

LU I. Iirz



wI- -

zL

-JA

0 I-.

0c

ww

.cC-a

ccw

orC



0-0

fzC-

CLC

CC

I-6

-J zc-

-- J

z

C.):

ww
ww imu~z

0< - ~ .

z I.; C



I"Q-Ia

I. ly a a

-c 1

(4. it a 0C30

> >1- I

.31 . 11
tvi I .3

gI t 0y 100000
>I (-4-00000-

In 00I 00

0. co In 0 ncIn

.. In -

ED. I

fl. I 111 ci Ed1. E'CI.000Eda0~

0I In (nI
Ed N) 01 .1 I = (

:41 t.0' N dh .Wc
1.1 214s I n

t'1 0 - 'j4 44 0 0
I , r. >. 1

cr j4) 4: t..I H I

,c (/3 4: - El C0 0 c 0I1t nI

InI:: L0 0 0<00 0 (11/ 0

(T 0 0 I I

4:1 Ell - ' 14C 0 *I 01 1A4 :1 ('3 7:E :- (1 7- = 7

c4 In V- P, 0 I 1.31 . 3.



I0 z W. W.

oz 0000 '00)O

0-1 Il I w ( I () 1O
C u I

(03I W

IZCI I 0o 3 4c

0-3 01 0000 CA 0 d 0% ot
-3 13 UC. .3 <3 m-3.C~ D 00 <3 I

-31 I t3

-a I I~i o r. - I
CU I 1 ~ 5 0 ,-W.l

.33~~ CJI to...I M L, . .n 0,

1 - 0~- 1r 1% 1-.40 1 -UII 4 %
30~9 1 03 elZ I CADC l C N O

MHO1 4 *.I )-.I 0 0 -10 t I (03 I* (n0 el
10~~~~~~~ 03 C)00 0 30 0 3 .l-C) 1 , 0 03

I~tr I3 R Iiorre
10 34 fl33 3.41. W

0(

I~oo o 30 (-I I r 0 -I 4 E

3I LO ( I co 1I t : - .3 a,- 1Z c'3 OO 3 0( D a 1
I WI I-4 N FI Ell~3 (OOGS

1 WI W1 34 WI If- 01 _ !C ! I I a 2r... . .WIl

I~ ~~~ -. I - ** W**I in a 0 4 0 .3 ~ Q0

I3 I-. In a4 a I- 'WD-- '- < 4

10 4 34 30 00 -30 I I4-U 3 IE>'

in 1i30 0 0 - Z 2 - - w * I. ~aj I- 30 0 .

3~ ~~~~ ~~~~~~~ .. W 3.*-4.4. -3/ .. ,a D I 3= c0.I0 . a%

3:: S' 1

CAII

>.1 03 % _ I 1 (.3 03 D 0-I r I
')93 Z a 93 .- 1E3 000W 03% W 0-ID (A

3-~- a~ (')3 a cI 0<3 a(3'JC 0.-4a

3 WI I H "I C> I Li
3I 3- 1~ooo '0 3 (0 I a
CA4 31 1 3 0 0 130 I I 3f I. n.I

11 <0 I'll 3 3 0041I 5 3a W 4 0 3C

3 r II I.00t 2 WI 00 N N Wit33 I Is 3 1 1343- < U;. ! I U:0 u3 e3 n CAO(AG I O- Isc
z 3 7- z :ra I In I .. I 9= , I I. a) COa

I" 2.3 2,-W3 I" 0cI >.0 o,*ca
3~F V. .4, WW 3 C I C.)3 C

a ~~ ~ 1 W-1 W O W 3 ('

30 . 32 C.O I- I.- ID4 U
.1 0 . It a I o aOOW 0 1C n00H 1 <



z ca I

I CO I

IG~
3 do

a, I-, Ina

1 34 1- W

03, In .In Iv

1..

03 I EN030 0 00O

T-1 1 0. w 7- c , 0U U !0

cn Edl C; Ca0l C C;r n

I E C1 I. Clla 3 o~-! r- 1, I o D O ~ O 0 j~0 0 '4

In C.:3 0 alc

a,.I .. 0 0 0 0 0 . 1 00 C J N ~

C> 0 to col0 C

0'.3 90 0' I

o~~~ w3 3 n oI N G 3 I c
.1 91, 2~ ONiN ZI

0 >* oO 0 0 0 00 0, O Q 13 CI II

3y I 4 13 C

>. 1~- 00D1 C 0 0COO3C ' o i 0 aIE

n-I * 3 0 000 (?3 . . . . . . . . . . . . n-

I-1. 0r t .

aI Ell :I In t n

0.3-' I I-Il > 2

in4. Ic I-
Ca~c (2 I I3oa ( I g.52< 1

.- l ~ ~ = CUM3.~ I in1. IC3 3Ia

0:::0 (0lt 0(-. 03r 07. 2 1d
3~~E . .I .3 . .. ;, Or 30 . 3 f

!n 03 I Ell I0.. IG : C0z n~ d'0E'.I'Ed'I lCdn 3

4 I 0 0(I-t1J 01 fl0qJ0 CCC C 7 -al -

~I,3...D J '(C C~3 7(sl-.l CY. I Id 0 d 1C(f.C Ed'< Ed 3. Ed. Id 34~ I
NGIOC.2(-~~ .0n. 3r IG(L2- I3m 0C.2 2.~Qf.C~ 1

I ~~~ ~ /7 C%191am CI//E



10-

1-430 -4

03 C

"-f 30

-C I ca

00 C3-

Ia I

*3 00.3

r,3 1 1'4~ (.4 I . d -
(73~ ~~~~ C.(4-4 !W(7

1 1)4 .. . (4 1 0 0
It It3 1 I I I 1 30

00000~ ~ I 00I0 3-

I Ed PC24~ S I ii I = 3 10-3.
I WI4 3(..4-(-E I I 3n L2(I I

WIw44 1.1 1 1 .23c
D3 I4412 W. 03 73 1 03 . 1 2: ;1

03. e3 3 3 033 030
*-_l8 3 C.2( A; --- 3.- g! 3- 3 >

-A I

--3 8ll 1 -0
3l I ON. 1 3000 I7 (I I 1 1 11 3Oooo 3 *'..'.

I. D3 
Ed w ,t311 EIU

0---, 31 0 0

u . -C >' 000

10tn c*I I 001 P ZL I14

3 I Woo

En ' 00 1 ( I I 17-z zZ

I (0 1 43

03ooo C 04

'-3 c I1 00W 0oI0c

00. M- I (-3.0mI-31 -3( I 000
C:.: Q. U: 1~ 3.u f.- 00 0 -4001H I

41 i3 3. .12 cn1 - c n

38-4 Z_ I 0 3. I-0( I I-C'3-o mm Co0OoC I3-. >.3- raIm1'00100~~ WI I3.0007 0(3
I0.3 co CA ~ e %, I .. ) cn m a, 0I

I1 (n. I I - 1 1' 03I
"43 r", 40 II-- I-4 I73

I3 <4 133 313>
cr m f 17 :

W433 F- : ( - 41 0: 3ut- I 31 33, I3.4911
lu3-I 1 -c CICYco E.. 30c 1C 303 C2 1 341c w



0 -I

uf I

ca I

1,3 I

II

04 1

U. I I

W: E-.

I.
I -

0 0CD-1 'W IZCflI
I 4 1

-~ I

N ~ ~ ~ C - EdI-, nc

co I

ca 00 0 oa mo 00 00 on om >1 0~~ lca a003 -
9. . d gjE dE 4 a 93E aw u L a gal (-I Ed 0 1-i . dtIEL wwZ1 . .

03ca aC00 0a00 a 0I in ' CO Q O a i 0In a

00 C7 000 A00 "0008 0000 0.3 0 00 0 0

ww w o owa w a an ou 6., w a A 6 mw wll w w

.0 I-1

.43 ?1 ;-_I

a~~~ aa a 4 i
a ~ ~~~~ az -*I F'

a a aaa >:I Ic~.3

I- I '- ' r% D C

I En

a. ~ ~ JC >. 13 ~ 13' nI
w a 1. :- 01 3 1 f3. a. W-

0 - Pi I33 Id I M

(.31.31.3~~r MI3.3.1 t.3WW 13W 9.33.3 1 M~ 1 a a
at, oaa aa aaa 0P 0 ~ 0~
ofu c aa~ rza fnII (3 ~ -1CLL ~ 0 C

000 ~ ~ ~ ~ ~ ~ ~ ~ ~ .ooo Coo ao 000II > ooo 00
C2 a - o ** I .--

In~~~~~~~~nC33 ~ ~ ~ ~ ~ ~ ~ ~ P -I~~~~ nnnnn I~~~~ /I~~~ Ji 31I N Af~~~~ Innn'a2 3



Ln w-.

SI

:ICA I

11 . wa 1

* 3

oC -u u

o! I W- CI 0

c-3 1 3

C.1

I u u I a-
00 0 o u u 4I -3I l c o >11CO o a OCI 34 0 aao

-4 n u.C3. in c YC 3 9 l n C3I 3C 3pC

c vu v ctv uc o vuu

oW) aA 1-u u,34u ca cn (1C nc 4 C 4t Ac aWC At nC AC 4( 4C A

o00 a,00 C00 00 > A 00 2 0 00
aZ = a- zn = .Ju a1 a ar

ao a4 a ta_ *ua c~ a 0 0C 3 ao,0 a

;: :
oonC2~~~ ~ ~ ~ -V O 1 c~ o o -7000C

In -444 am Z W~l 44 -

*~L C1 m cm u

A a 2 : -g c 3C
0a a F- ". u '- a a

0,21,n .anac "l~~fc I t3 I ~t C* I
C6 a <I3 0 41Qn

a a u1 a aCa
In j w.- I a Z ~

0

a. -- s IF 1



-o I r

i I U FC!10
In >44 14 4>

4-u 

f

IELI

1- 0 I cu4
0 0 WI 4>

~~14
Iu I 441 I I ZZ

WI (nWI o

in U-I 0aa n>

UU U Y' L (41 888 N-4 IW It
4  

-41

0) 0 g1 1  u: W-01 " 0
0. 0 1c;WC . I I

0 to EII (- 4
L o D *.:) 0) 00Z LD 0

U. .1-41 B -. 4 0

§-I >4~ <- I- 0*§9 Itfl. t!* < < a
>~W~ >' ;- > 001

0 0,0 00 00 ra II Q

00 00 0700 00 00 z1 0 00000 0' >1 !9 1

UUUUU~ a'U U - U U 4 t ~ I A U U - Nt 14,
9 9 9J9 9 . . . . . "'. 0-M~ c 1 i 4 ,C~ 0 N

J0 0 a W 0 0 0 0 0 0 C ~ 4 aJ0- I-D' I -4 1) . ~ .I 
'

0 ~ ~ ~ - w . 14
Ci) ~ ~ ~ ~ ~ u C) (ad1110U 

)C)Ci i i
a )I fl:tU M4 - L I . I

OW 4 r rnw . t m I- Ic ,4OM'L)t %oI t-, --4I ( I

w4 ~ I II 0 co-0l

9~I 0- 1 0 110- - C ~
00000~~~~L 000 000 O'C> I 00 n>~~~l,: ~ ~ ~ ~ ~ ~ IC1 ZZZZ cZ Z -o- - ~Z Z - - i > O f

s) U Ia~o) 1% I WI i >14I
PU E ~ I (1*I' -0 L) I U~ 1 C ;!0(4

00 ~ ~ ~ ~ ~ ~ ~ 0 '00 00 00 00 00 IC aI WaI- 00 00 oC al ~ I
*~~~~~ -4r4 L.' m-t 44I 1-1.

H. w l (n 4 VD I V 40 00 to40

Ly.Jd 0t~ -' ktO caI it0 vm) l I 0
--01.a, I~ no,1 CItI~ U

'U in4 O* M';. 'q' I
Cl, I



o - -1 - -4 4 . 444 44

04 ~ 0 0 1 0 (b (0 O
rl~~~~. < a H am -

Q' 01 CIA I~ (z0 ~ Ox U

o~~ on 0o 0i0 0 0 0 0 CD 0 05

O m z 3 7- in4 In co u- u z4 z z1 p u1 u- In 
0a01zz~m z .<z z z 1z3 01 0 z0 1 z

21 00 0000IN0 5,000 00.00 0 1
001010 CDCDCDOOOU Ifl~flO'O50'O~oW I [ O I L l f ~ l o , . - . r [

u I

8'o 0 tf

M!5 . 0~ tI m W D " I 1.04D A0'4n 0 .- O
()0OOO470 4~l00o~ox woox01orW -M3 A -A0C NO O'O0N .4

ILO W0 013400 7W C0"(140 "a D0C I0 I- D D 04llow-4e'0'

w~~~9- a o( r r ir n00f-ot iot w 0N0mr-woI -atoior 4 wi no .rv N "0r 0 1ooi4Ooo47 c 9o(o 9i:! i..o. 9 :7N 9 oo-4Nooo-9coo9oo- -

ti4 ~ ~ ~ ~ ~ ~ ~ ~ ~ 4I _14- a;Iia01 - 10N04 4r 0% , l - _ f 4

OO OOI3
0 '

00-400-40000 c07.)N I 9 00,DC0cl

-01I

%D I a d at To-
4 

0 c047 0.0 Uo oO-o0 o4 !. m 143 ooorjc coooin o .I

C, I

c;
0 1

O -'4 C ' 't D000 4 700Nor0a; D v u; 00c4 " 0 NI "' wI w>4 WI .47 0. 004.0N.0 0.'0.
%.- 4) to% D D0 DDW-w o -w c40 U) m -a, -j% a% a 01 w. w c.1- I-( y L %o" 0 *. -4 U) co t- eni4 iN N m(0 r )m n( -4 N 4 tn 0 )m cl : .Ci1 G N .4 cm"Io j"m 4 -Nc

0 -1 IS 2 1 it .I

el c" Cd I

I 00' 6l II
r a 0 0 r ma o% 0 0 r aNC ( 0 O a a%. 9. 0 1r 0 aC) m0c,(A0 0 a% -0,oa-i0 o

'.0 01 -, I 200ur.



1'- 3 -4 I-t E- -
rIZ a. m a.

in (A (A C, (A 0' 7 -01
0 - 0 0 0 0- 0 0 -CA of

in ~- co (2 o- 1- 0)c-;
0- 0100000 -"'I0aa o 1 -00

cooW' u 0lW D0~.4 W D~fl.4-~lf,) C- u UUM H T O I 00000- c ) I m1. L00

9I cr. 20 .9 7 .1(0-0 1j atf

W8 Ry i E4 n H-0 1en i

000'0in o 00M CY 0 ,-TC> 0 n n o cj DaLN0 t 0 0 I- 00 0 100,

0 ' - . , . I
0 0 0 CV)0 V0 a 0 0O0 M0 - 40 0 0I)0 o "1 JA- 00009- ( 3

00*7 N* 1- -4 VGoo I

.. A.I

0 (4 - oo o n0e0a0r -4 qa0I'-o 0IcoJmc to 0 100000 $-- a0 100
0 00% f )0 -to('0 0 D W O O. 1 0 ) O O a-4 1421. I090 C..j 9lCj 9 0!0C 919

c; ON.C; *70'-' 4 0aa-i 0 0,-40.4 0_10-4 0 0.- wN4-0,0 C(-,- I ,00mI l
Nq N 031M 1?0 I I- Q

U) i

go.) I C
00W 0 00 0~ 000 vo WOO o 0 000.-I4 00) -- 0 0co I a,r- Q OQ.J IV -. . . . i - 1

cli~~~c 'C -Ly

jI InV1 i
* , U4 l'oF

OOOOOr00101l0W0f,00 v'C 1) > I0"CI0CI 00' 7 N N 0' 7- '3 "~~~in 0 11I ' - 0'.d ,f.

N 0 I %01 .- C -a ,IH I -
I~c 

I--' 
U

c. I -(aI )' . . .

00)41C C17 f C4 '3 C '))1l '4 *71U)t C; C710 0 ,-; I-; C; 1 - '-;- Ux ti -4 : I C30000 0 1f I 1(- I I' >. 00

1-- Q- 0.% 1 04; Q' no-.1 a.
to -- -W2 - 7 " .1 1 CO-IQC

co -,1 0, 0%1 r

coo,- 0a. I Z[-1 0

III I~ 0v no IsI

U)I~t W I A L
0'c 00(ooo oo ' osoo oooooooo C I OM O 0 .01 if IC 0017543 C I 7* Al-I 1-) 0 0v In;C r, ' InI 0 n0- nQ- %0 ( - ,0 I I 0.0 I 0,-'r- a)c*) n in i-m o ar00* 0'0 70'*700,ro-N'r4 ne -- T0' ni wwI v. S- 04-'"0 , 1 ,1 ~I..0 1 0C) 1 1* OV,7400 Q .q-4 4 4N -12 Nc 4 -0 "#,- -4 -1 7 -1) - 4 W '0 q-, Q- u3 001



n- It W

LnS. int %t o% 4 ,. -iu n1-( t n( o - n nt na

9~~ ~~ Ii. M~ 0)0000000 4L4-.4 11 11 ! C L

0 -I 0 0 0D 00 00 0 Z ) 0. "1

0.1y

:1-,1- 0.l1rc -M
gf..3 !5, -.- -8-

00 -r 1. a, 01 13. -. Iuat#0 ,0.,a -4.01-0 .u

-

00 AI a11 -00 0-I000M'-en.,4mw - 04N00 c)0 0

IIi I I

0(W. 1' . 0 I y c,3 0 0 . a 0 ml 0 0 1 0 0 04 0 0 .. 0 c D c.% > 0 0 4 00 1N IN I Go. tz. .14.. . . . . .m.
-ONOo, rto

0E 1 . -I

OwM- 00 > rI (01 O(0N 00('.00000 (00000(00JZOCJ 00 If

I-I rI fn- -. 01j UInC (nCL4'I 0

aI o Lt. o
10 ,r -

f Lt Il Cl. I I VIP 3 '
( I IU I
I > .1 I l If 91,. ~ 1

00o c3 Ml V0 A I df> I a o0%(3 , a0U)crc f.(Ao0 a% CCU a D% I o l 0 W.4 ol fn4 I

I 1.4

o I 0 j 1 0 -

0SC: 0 00001 , -t 0o0C pQoooc -1 .3~ -1 0-z z



I tv fn0

to I

9-1

0 u u~00

cn 0 0 0 E

z P'

J-~i1 0 0 _c 0 )0 . 0" 0
oI 1PP. ,4 W (C 3 55 (L .

.- S~-I ('.1S N '

-4 wU,) oi - a A a ca

N t- -4 0 i D00
0~ ~ 1 0cl coC-l 5A- 000 > , ' -

C, ccu~n asn ca PP-lUW M~ 0, ca 11 a
0~~ Z)wm M- m *(

Z 7- PC.PC I )l I C- I-u~ - C
mnssm ~ ~ ~ I cn MAP-5-(s. 5INW -9 -9P~ P- x-

-. Z~ ~~~~~~~~~~~ A.S-(I. M-. .- .I w -f-s s'j 2~ 1 -
8'- ---

.Lz-s----~~- '--- ~ ____- ~ ___



-D 0 0 0

oto0 0 0 0o 0

;4 0 00 0 0

o3 od 1 N 0

0

I Il 4 -4
- IINI-N I W n

CY~~~~~I inJIC 12I .

71 0- A 04 010

th* 4~ :81 ~;~~ =i
L) I4 o0. ~

4: 1 -7 E.
a ~ ~ > Qa VaI(lI C

aC

0 -1
fa 1.3a

0 (-4 0 0nI c o Zc A zn

--W, u 0 0nca
C-.'l -f InI C - 4- .

_0(4 I I .1 Ed 3 Ca W ZEd I C Z

C60., ZZ I CL, 7. ti -ju i a
1 *1

r-IY a) E- r4,* M ~ . I C.



to 0 0o 0n y

o 0 0 Nl In 00

C I
u" 0D w. 0' )0

n1 %C4 I D C4A (A m n 0 L0)

Nl I N cm1 -1 I L 1 I 4 go I
L)2 -33 Zdl (.3 -1 [
02 10 0 01

't~ I N (AU C6) .1 I VD ) C.) uC2 N tl Cz 0 )c .

I n - .3 a .ZI * C. -3 F.Z *. -. . -.. 3.r-) P. CN0

[s) I IdN 1~. lI 0 F- C)-I NL. i .- OI -' 0

C.3 .3 >. 02 1~~0I. ~ 0

z- I 

aU 0Z IU Z 0 03

~313 00

I C 71 7 I tC. I Cd. I n C
I~1 0n 0 0I0 N

I C,. .12E. I (, .. 3. 5 (,

I 001 00.1)I

.3 CZ C.j Z) W 1

I- 0y in P? 2- I co l cf I-.0



o 0 0 00

o 0 0 0 0o 0- 0 %
w 0- 0 0o 0CD 0 21 % 0o
en 0 0 *N I30

- 1 0 0 a1 I 11
0 a 0d 1 a100 0 D 0

:21 0 40 0 -4. 1 00 t -.44 0 %
t 1 4 N d ' a. 4I

10 coW 00I

00 4 41I O 0 d I 0 1 3

(n (AIn (AI In ~ A In. I, W 1' -

h I I4 c ) mI c %I

0 >- 0 0 I

m4 .3 In- It .3 01 Cd - 3 C

0414 Cr. o41. a.-4 .3 4 x t3-1 *

W: 1 -7 Z3 0 1 0

I Id
0 ~ ~ C 14 0I 0r 0

13 1 4 >4 C
Z 0 W V- - I 12 I 0

CAI m In I

crI * . 1. 4
0~~~11 :3 00 . 4

(n 0. z m 0 ne

H.3 0 0 0
CA (nEc C4.

1- * M - 1 ~ C4 I * 1



! a a r-

7 cc o tn (P co C4 M
* 0 d~.40 el CD

13 all a 1 ol a N (
t.N I w- V 1.1 1Id

-3 .1, 1 al 1 W-1 rE. CD, [sl1
E. Qi ai CAc

I-~~~~7~C. 1, -7 ,- ~ I * . - -

g-nl V) CA I-CI -cl C I CAa C-f4I

9: .3 In. 1 a. D 0: 1 - t. 1: -
7-1 7. .11- ~ 0- m~

" I . I I3
a n 0. H en C3 , m en F- I;I; J - ;C

Cm .3 u Cal Cd 5E .n -~ , cal .1 CS

- 0 00 c

0 I ci- 9. 0CI3
c d t. ed Cd 3 Ccl '

I - L; z - * e . C
* En R EA n ~ _ I Cl

(n I de I e~ n . , ze n Q52 en 0 in

r3 a: D a. z :*

f-.,2I ..3 Cd u3 Id a-z1 9 .-) ~
121. I "d ,n



0 0

o to

o 0 0

CA in I W cn
r I U)- cc

:P In
0 1

in] I

.4" iI 4-

.:.: I I

o~ z .o o
o 0. ~ 00 0.in



Nd I

I"I

Q0000 1.2

0.I C6 -I

E. I

CY Innnnf
Q00I I-Q

2I I. I oII )e lm I-t

>, I 12

C-i~ 10 4 ;100000 10

1 1 081Inmmu

I oo0 0 IdC

>.I En W'~ In

CI >C 0o 0- X xI <I
03 0- In I inInic

0-2 0 1.I I - u1
ID Ln c t Z I g

IaC I Im (v r c 1t I
In2 *y c- V1 .3 1 f I

-d No I 'C ) r- I
I-. t-D* I I I

(n 0 u: m I

.I Ed f I. 12 ' C

IC cmle 0~ 0 m

-0 a. Iren n 1-' VO c, n ~ 1

-1 cl 0.o ca cd Z "12 .-. 1.d 9.1 "'1 W 11n I3d I 1.

1.2 - . 1 E.1E-.1 . n- nI H( -E -. - . X 0- :) ri0. IZ 1 - ) P.4- 1
Ultni 1 ' U .3 U 700 0 0 In &C In ' 01 IC3

1,2 0 c. 0r 1*. t- C3 0W1-. 1  0000Itu~ uO MI rr - 0 11, CC : U 13(A (A

I -iIn4C 0 :0 o 0 - 0 c I-'. ~' OC-'I I 0000 00 if

*r II I- F [-

v)! ! c 
1 15iP



I Z ) I II I
CAII 

0
Cd~~~~ I dlO .I 0 00 Id Io .1A(A 0AA ' CDdI

(D£ (DI 1d 9.3 1 N N II OfC'' 01 OC8

ca I r- r-.-Z I-C - 1

I Z I 8 I-, I 0

'4 1 (A00 la IC
I L 1 n0 )0 C

-a Q . _al m8 I I

.41 .4 m n.-f qA'fn. 14 -0
Cdl 1 d 1~C4 0 -4 c 11 Cd

a. A1 1 13 I ) md 8 4 000 0

"'I ~ ~ ~ ~ i (-8000 10 InI (Al I* E~
IC'0' a -CDJ 10 0, (-I 5Z) (i

.3i Q a 0 a CD 1Wa I S=0 c % g 1 INS.-S I
mm-mm U I (. CA3~ IQ 6.. A (1 m oa L n -Il

Is1 1.- *3, '.1 OZI In0 .OfI fI
I -. I v I Ir ,0 A" .0O4. I

1 C5 C. 0~ C3 1Cl 1i
I cl0 00 80 C I M-f-( to Iel'>inW

cii 00 00 30 .~x1 -n en wr-nr.- a(AdII 0 .A

8q A ''C'~( m( . 4 . .I C2 0u I

0, 1 : 1-~ a-( 0I>. D :4 01C 999
C%4 ('4 50C CC, 10 %71 0 (-4 (Aj C. (iil

in> I I 0 in X
I C8In I IIO Cd1! ! In4004 m -30CC

0-3 0 0 30n 0N _ >1 0-(C I (aW0 ~ (A c

ZI I 0 9 1 CA z in 04.

008a C5-O4P II nA'40' I

QCi QW.4- C> aK~ 0D ICa 0C 1
mmmmm4 u-. I 

iIn-I I 8 I I In-4 IAnf)4C Io (Ai .-

Is 080 00 10 1 I ' I
ofP8)(3' II 1 ' '.8 *I (A

I in CdDZ I , Ch r'DC I In ('CNI N' C
I o In -(4-Z W r-%W ,I I I <i
I ~- ID (AC. i0sI -

C..~I I4 iW00 I >- -C dC(

IL II ON a 1rd I (.30I3C)

co %D(A 0 0 ci:

I~~~~~D 00000 Il- w(A I ,*l.lI> ~

I 1,2 I (-i( C8 I40 10 !9

30 0.I I CA' Z I m II
(in I m4-(84- I (Al 1:

<I (4..-444 I-.<IC. CA J£ 0- it.0I I ('m0C- i 3m I 0



C. 0 1- In .fr- r- tn

I on I

In I
I :DI - co 0I

E4 A If(4 C a

I r"0 8 n . 0 ' C I m I
I I I

I - I i mI - no -. I g w o I

I. 110 .4C' 8 4 Iv;
cnI %vo0 InI 4t

*01 O j c/) I
cu

cl3 I
(.- I o(.38o nc ow n :

tn 01 08DI 1-1cocj c

84OO (2 k10 I

.8 C. I .rot2O n .8 U 0

W (0s I (0. I-l~

1-1 0 1.8 l a% c; c;a >0U00r > , )00I
92 I co8

c/) W cm4

8i I

08 E-CI (W0'Ii N03E -

M 0 1 " % -

.1 CA]1 08 GO 8

or-0' _0 a1CSl o orooo 01 I
R) it~0 ' (: a n 1 I-I 4%DIWO

co00 Cii (z o o 0 .1- Vq8' 'ij 174 4 8.80 M8
tn 1 I (0OJ 'r .8( Is> 0 08

I~~~ 1-4.- In I~(j (' 8 3 I~
mI M1. I -. I C~

"Il 1u .0O 1 tn I >0

'A~~4( I Ic
88. II. I

fCO C I13 81 (09cIala a a Of I gi3.4 (14 cr I. ~ i
C) gyCO en 1 (.I 1

01(1 1 I
1-*0 t. 1141I -40 co a% LA tn I 1,8

0I 8 1*

.1 1-8 -31 1 1 ! , . . . .. .

n:mrn. c44 13



(00

9-4 o-

<02

tiisr I0-Ir

3:3* -3 NA-3
1* IC4 -

,a2 g0 0 41c

" I. 5i 0

' 0.9 1 .1.5 R 4'~ 07.3 03 0. 0
I- a.11 6 I a. I a =O-.

9!000 I 51 31 i2 2 1 45

*- I .3-( 3c3uf- 5- U 1 0 C'

.I IZ. E Z 3 .1 ~ 7 4

LI ~ I -r) n I 5 I0 c

C3 C<OZI C I caI ne
00 0 j1 - -3

ca5 9ZZ Z 3 s 04, o s
3-N 1.( M Y.I .. oO .I

.5 OZ 19 4 O3 5 .3 I~I 0

U); 2-5 3-. Is E2~ 1> 1. fi 03- f- a- S. 10 o

I w

0 0

Z5CWi '-. 1O . .5 It2X Rm
%0 % f I I -0! 5,

05i I -I C 1(l ON I. 4 1 00 4,N vu u(433

r!~ 53 1 0004 0 -1A.I3 I <)gI * N I I. ocaCD

5N G%;W I ot I t < 9 =9 I =M.2.2( (42 .2.

03~~.. 9.2C- 93 g <. 0 0

IN EldIi I > =Ilk 1N0~ 00000 0000
0 CS I0 N F EdN 00.. N .JaW I4.22.( 22

I K~~ I I1 100; C% I 3 *~~.. -C.
52(-~CI a. k%-'NO -- 1 C3.2 -- I=2.N. . -s 1. o

NDND 0 *s.--1.-I. 03Ed <0.1 03- W-42. 03 3-N4.10aam O..-..

1.3 11 ;I 3-. Is0 I:* f-,s 0 !9C
IL" 1 [- s 9!- :os aCC; 6 0000 0

oo' inI m7. . .~~ to- I I on: 0, :: In

-C), Ef 3.*I I I 1 0 1
I In tI Is 94 1 -. CA 1. 1 IS3 I -f - 4N ~ U' I.J

I2 W 0I CA WNO O I. De 1 94 !a:~ .. I. " j2)I I to I

3o I. [a C, E IN- 1. * 3.C -c
I C a I MA NA t- tI 3S I

(332c 1 1 1 C.33 9.50 1 O= 1-4 In

co. 0% ICn 12-. 1 o 14C
Ofq =C 5 - .O - IN I4 s- <3 5 - I V- 1 51 U (

II 1 5CA3-I 13- -03 1 4 15 1 C-.- Io o oE

g.15 t-1 t-.. D 4 1 t ' r -3 1 03100 S
oo 41 - c n 30 4(I-- 1-.23 C4N .% S-Z2r "W -. 3 N 0 Ica C



0( 06

zn I

ON-1

0 0 IS, > I- aaQ

C! V

.4l 0 -c

I D~U~

co c0.1 z
ON U)0(

ia~~ ~ ~ ~ a 0 WI naJ0 0 8ai n 0 0
-,-,L~~~~~ UI(dW, Z ( .111?I '11-1-

91 ~ ~ ~ ~ ~ -- I14 L L !12wa
0. 01 .. 0 *1 I( 0 0

- ,q 6q 0 !9 00 0 1) C': 1.I 6. !g

o~v 0 0-0'a0
Q -0 0OO 0 I L I- 0 0

0 o00- 0 000 '80.-i 06.0 0 OT . n IC - , R 00

-j A
1 '0 9 -9 C 0- ('1 -- ~00 0. NGI CD 0.1 000 --

. . .. . - - (. 01-'
0 000000 Ort0 0 00 0 00090 0000 0 CD 0rJc 0- 00 00 0000C *C;

to(4 m u 1.1. 1 N. M. (.t33.1W D .NmTtnt c V I! c -1.3.31(w H m m3xt(4 D NM r

in ItIWC -1 3

0~~. 0l I 0M ~ - ~ L-I

(A _-. I
a It 'IV 1 11 1IN a,00 0000 0~.0 000 O .1 (34 000- 000 0 0



0 21
0 I

InI

o 1-
to 1 0n

to I

8 A

a, i z WI 0e

AD I 114C' I0 c,

-' I ~ ~I(v

o~t w

I 0I
'-io

nOMM 00 0- 00000 am oo Iflmoo0 00 0 0n

0 s-a i r w

0 n 4A -.! o o. 01 4t A
Z- -a)- 01

0 o 000 0 0 -00 01> 2 ) 0000 -00 00 0 00

o0 0 0 0 .0 0 0 00aa0oA ;c ;c ;88c ;( ;: ;c ; - ;c
-0 -. 10" 1* m " 1- * -. I 00

*0 W.C. I >

j 0j m .I :lCPI:IO

u)I CnCil

I0 0 1
cID I>I ui 01 I I -

NW W W WW W WWWW 3 u1 W WI W W MWWW. WW

ul M I ( I O 8
0, 0c o CA I I W1 0 0 0-

(.1W~ ~~~ .I U. WW W C.W l

0 0 0 I 1.0 0- 0 0

* m-~l4 n. I (A Or~

00 . 00 0 DO O O 1- 0 00 -0 ~ IC. I. b 00 0 . 40 0 0 1 0 00 0



010

0

.,

I> -4 .- .
0 (2: 2.0

I 0cy FCt.o

12I 1 n0 0 0.

I (A)1 9.1 0 ) 0 

I L, I <

(.2~~ (A I- I-j 0.- aIL I 4 a0OO

forC9 192 MCI2 R PI IR:

2.1 LI 00 ,0c oI

0~W. 0*2 Ie: 10 co I .3 02Osb

aY.1 I I)-

0002 00 0 0 00 0 p 1( 02 '0000 vC- >,...I
I I 02'

0f 0 I Z .1

ooo.2 :Do o jc'4oo.-10

0D oa mI3 4 o (
04 01 'A 01. I. OA

0 ~ ~~~~ '44 in -r u)).1 %oI ~ 2.

000~i 00 00 00 00 A1 CI 1. , 00 00 1 C

000 0 00 0 - OI . 0 00 0 1 (0A00I

a) I w.2 o d)~~a I t' z (2 It

0D lo 0 04.L U* I z-~ E.. >II I 0...

(.2 2,2 I 1.3 4
.~~~1.J.-2~~~F- (42.2- (''4..2.2. 1-442 024 (-N "I .0

0 ~rI
c2: 1. .o 0 03 0a

00000 00 0 0ij(2I (2. 1 0 0 0 N . -

00 oo o '' 00 0 -0 CI(42~ ' .0 0 0 0 co?- N



0.) 0 C3 a U 0 a a 0 a 00C A CA aC'

zou mm) iJ~ _u u- .i ca n o .?umi rn z6zi u ncac
IzQQ zR TZ Z Z T H E Z "9z 0 z zz z " ~z 0 z'

0000 0000 000 0000 0000 000. I 0 'got ~
0'00''00''a.0''00'rn OO U~u.n'00'00 .) i 0 IU )Uo C. '4 J------------D

*F (9c4 . . . . . . . .
00000 0O0O0 O zO m m z00% 0.m -i.m M Of. 1 0 0 00 0 00 0 00 0

s-4a.0 CA a " " o"I, "a- 4(I

010 DZU A -0 NO M WOMOO mf w' AnU 0J I 1- 4 0 0 1-0 m c0r-m Z~~ ON" r OI co)

0I0

-it I i o s o -- O 0 - 0 t O

00000~ ~~~ AnF-0 C 00 0 0.i ClWi ,i I (z M O1 ~ f.i CU0'-~l CCl'.i~

oaa0 00o ~ 00~~ w(J.'a.-i &i 10 0C40 000 0C.00'0 0C'00'

*D (nI0,c I'O c" o O- 0 o

r. I, An a, I MAI

21.

I -i1. I

Ni m ' m .m - N i C, An -# aD I,1l C- %S c-A GAa-1 n

!r4

If) m) IAn r nianwD D -c c oc c)% An 0% r ) a(A9 A1 U3O aD -. C- C-4 " Inn"A , fn 0r - D

Q~~~~~ ~ ~ ~ 0i :' 300c 1 ' 0 000 0 0<00000 0
Ic : 1 0

I .3RI)



CI z w w w
W E-. 0 1.3 0 (a1
x z a 7 z

.41 U 'Z ~ .) L

o 0 0 0 0 0 0 0) a, IIn 01A

I, D iz~( ~ "

I100000 *'- -0000
'D' 900O'DW'DO0O.-.-4.-W i!d)U1 If!.It!.If! I UI!12 I4 00 1 00000 W. 0I0 0

u 1 N[L 4 11 f
115 l - I12

01I c - 0-1 'A IE-
OH= >.. M.

"II Z In0W "

111 I )-11. M0 00 00 M 0.(. iI 0000-14a.0 n'0 I 0 i :

I,3- 1 . I. 0-.1

ID 1)D -4_ 0 N1 .. lfl. 010ci1

I

4c;~~( 1d,8 04o o " ' i'M 0 0000-0 I0f10
0', 0' :o o

>1 ~ M .. !( I 4~

01n (n01L

c,ro oLaoo0cooooo~rt o r-cnooocD0 0 I in I 00C.0 0) I 0000)
cl! I!00C.'00C.)000i! 0090909 C.' O O J 0 C 1)43 9 0- 9~0 N 1'41 9 1 (.10'1

0 Q 20000 f0 0 If 00CIf 0 0O0 Q001 C0 If0a0 1 0D (CA 000000 1 Ow) !OOQ000
0) 0 -30 1 0~ 3 I 0'_ jin 0
0) L0% 1) 4.1: .

> I

C. 00 'J 00 0.I0 0) 0
0 

00 )392O W I (A P2>. inr-

(' rI ON :N.A0I C C C; 1 I n1- 00C

Ifc % 01 I 0, W.010 1 C5 0

I, 010) -11 '

'T In.. Cfl I I I

l I a .3- C, I

0)0))0))0))1' C ; a:3 . C'I " C.I C5C 0;.4 C.' 0" r: C.' C. I .en -1 1.15 ('JCJCCIf I- * .in 3 - I,5 1 (4 O'C)

It ) 0 , )0 ) 0 ) Q00 00 0)n00 0 IJ "I a) I T1 1 " 00 ' " IT (72' 1 0C)000C~C)~0)0~)0.'0)0j0)0.J')0'30'O''0')'3') . I All IN 41.A IM 0 I1- 0. 1 4Ml I 4.
0)0)0)I1Id)00.l~-lJCIl'I(F'r~J'fl.A~flfr. "'I~ 3I 0 3 0 0 1 (. 0 0IO .0

0000 ~ (~ll~lII(,','4'4.,,it.' 0% ' )I00 0 - - 1 P. 00

2331



m( 00

.0 .0 0

6- M, P.. (1.

9 ~~~ 0 0 0 0 0 0 0 0 NN- 4 4 i1 4""" 0 j NI

9I 1 .* 01 ( I

0.1 - -1 0 nO )0 4Q %0 ,r oc % omc 1 I QI > a

4 I 1 ~0 0 Z

CAI~
1~ ..c OI % %00a 0 na DI fI-r D00M 10C nQ "

InI

C4V 4 00010C 0C 01 % 0( 0 O-.Wf0OC COO a " 06-06-06 0 e

..-I- CD- 6- CI1 n om .
[91 m. a-

I If

001

"I I Nm6 D V .

0 Z(. I

11 1' It n "II.
.30) I->

0 . -1 , 01 I~N 0 1 0 1 (v0 0 0 0 0 S 0 0 0 N 0 1 N I M(j( NII ' r C)C I

I In CAa ('In (
1ri (41

al M.6- 01 vic IF m1 'I C. 111. 50f.W'.
.n i UC4'C I N P NIN N t1 IN .cmr S ' 4 e.I 01 :4 ((. INI q

!C11 It 1~W 9.. 1. 0. ..1

II 1 0 CI I U 4 4- -
fu 1I 0,1 I I .CI c

CA 1. 01 . I

I I WIZ IaO dO al %( I- I Lq 0 (A In
0.0~~~~~ ~ ~ ~ ~ 0 r aC- 0 0 N Cc 0_c acj- O c . a I00000

(-I 6-I Z - 00000000 "4-N 6. .'P 0 1 1 . ..0001P U 0 4 1I .1V. Z -

3I .4 1 m. o. If I 0

wa- 03411 0 144((



9j)~~C td1 0to a

E". I

<I W(. IO3 O

(.1S=2. I _a o.D 0 a
(D I D a a 0

411

2I- 0n 3 a Q C

n ZZ Z 000007
Z) 0 300000 f

-23

031

-- m m. I W W

P-L m - -- 1 4 4 ; c:

so I I -t
I . 7 70~~~~~( En),j~a~ .~ ?

-. 3' L.
0%0 C4 c. t7 7 t % m

4n I -44 I- 1-I I-I I-I

01 0 0 0 0 0

7o 1 E. Lu lu~S ~ 0u 0f. 0
En U 0 1. >. 0 (2 .
:e Z4 IE 3 L:

(c4 z W2 I0 00 I -oe 0 0 0

aLJ. . -LM f a) l0 a,3 m~U) w. 4 4. Q a a

mf(~ 1 ~ .0 2.3U 0 0 0 0 0

(zCJ.4 I- 02..% 000d0 433 9.. ~ 1 (d2 ..4 .

0- fp - oo o I n C4 ri >-
0. ~ ~ 0 .~I ~ 21I-I0 0 V) 7 7 -

(A Z C2.4 4a Z f~0 2 ~ .3 C1 1 " A W (A . I .I .- U
m -~2.- CO3 M~ 13 CO CO I 0n

N30 :ra !2 ..2 w:,_ RJ .

wt 'a I0 ca I... IT (d I- O
(d ft3 I2dI I. 1.- ic' =(df- H j 0 7 . . 1

m a rnm ( r- E- H. E- HJ E- 1CJ Nn a >E

~~935



ENGINEERING NOTES

EMPLOYEE 9,.ve, DATE I Oi'c ' PAGE NO._

RCCMrs/& - SUBJECT- 0_5 co)TS

-j~o -37

Te TeL- 3tH Y1.q7..' I

.DDB SECTION CODE ' 9. O. 2- DDB PAGE NO._____________

AV,5p• '-4,lr" l



The disassembly area for the GTEs is located at the- N E end of bldg
329. The GTEs are brought -into the disassembly area from an area
NE of the building. Each operator disassembles a unit placing the
parts on a flat bed cart. Expeditors move the cart to an area south
of the new cleaning line and load the parts into modules, large
cleaning baskets, that are sent to Bldg 360 ,MAEPNC, to be cleaned.
If modules are not available -the parts are placed on shelves in that
same area.

When the modules are returned from bldg 360, the parts are unloaded
and moved to the cleaning line in bldg 329 to complete the cleaning
process. A low percentage of the parts require no further cleaning
and are moved directly to inspection.

When the new cleaning line is complete the current parts flow will
change. Operators will place their disassembled parts on the roller
conveyor near their work station. The conveyor will move the parts
to cleaning area where they are sorted, placed in wire baskets and
moved to the cleaning line conveyor system. Baskets are color coded
by attaching colored strips to the baskets. A few parts will still be
sent to bldg 360/MAEPNC for cleaning but most will be cleaned there
in bldg 329. MDMSC recommends the loading be done near the sort
area.

After cleaning the parts are moved to another conveyor that moves
them through inspection, FPI, MPI and into MATPSI for dimensional
inspection. MATPSI completes the determination of the condition of
the part and where the part will be sent next. The WCD is so marked
and the parts are placed in plastic tubs and moved to the outgoing
conveyor. The conveyor moves them the end of the conveyor near the
N E end of the building where they wait for the expeditors to sort
and move them. Some are tobe scrapped, some are ready for the
parts pool, but most must be moved to another RCC for repair.

Currently masking tape is placed on the edge of the'tubs and after
checking the WCDs, the expeditors sort the parts so that parts going
to the same location are together then write this location on the
tape. MDMSC recommends that the person marking the WCD for the
next location also use color coding so that the expeditors do not



have to open the plastic bags and hunt through theWCD to find
where the part is to be sent.

Parts coming back into bldg 329 are returned to one location where,
again, the expeditors sort the parts and move them to their next
station. At this point most go to a parts pool. Again color coding
could be used to advantage.

It was observed that station locations were not corrected when
layouts were changed. Example: the return location for parts, in
bldg 329, is D8. The containers were marked with B14. The
expeditor stated that was the correct location before the new layout
and that it sometimes took a long time for the WCD to be changed.

Inventory of the GTE stock room is now being maintained manually.
Incoming parts are logged in and parts going into kits are logged
out. There are plans to put this on the computer. Daily meeting keep
the scheduler aware of part shortages. Kits are assembled three
days before need. Scheduling and Expediting appeared to have a good
working relationship.

There is an overhead system that is not in use, or so I was told.

9391


